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“* Chemical science during the last quarter of a century has made 
such extended progress that our arts and manufactures assume 
altogether a different aspect. Those chemical arts which formerly 
were rudely conducted by the system termed the ‘rule of thumb’ 
are now methodically organised and arranged in accord- 
ance with the unerring laws of chemistry ... Hence, not 
only are more accurate and uniform results obtui.ed, 
but success and economy take the place of failure 
and waste.’ (Chemical News, 1859, 1, 1). 


Here, in the first number of ‘Chemical News’ 
published nearly a hundred years ago, the event- 
ual development of scientific control of the 
methods and means of production is welcomed 
perhaps a little prematurely; but in thousands 
of industrial laboratories to-day ‘the unerring 
laws of chemistry,’ and B.D.H. reagents, enable 
the conduct of the chemical arts to be successful 


and economical . . . and as civil as you please. 


B.D.H. LABORATORY CHEMICALS 


THE BRITISH DRUG HOUSES LTD. B.p.H. LABORATORY CHEMICALS GROUP POOLE DORSET 


LC/P/9 ft 





\heag LOW-VOLTAGE 


POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C./D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 


The unit has been pro- A full technical specification 
duced to the require- will be sent on request 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 
number of schools 
throughout the country 
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Pyrex tubing 


is made from the same borosilicate 
glass as other PYREX laboratory and scientific 
glassware. It is therefore 


heat-resistant 

mechanically strong 

chemically durable 

—and functionally matches all other 
PYREX glass apparatus 


Sizes 2 mm to 100 mm o/diam—the largest 
size-range available in borosilicate glass 


Thickness Standard Wall, Heavy Wall, Extra Heavy. 


Also Capillary range 


Length Tubing is supplied in standard lengths 
of approximately 5 feet 


SPECIAL problems concerning manipulated tubing can 
be referred to the PYREX Service Department, who 
will gladly construct special laboratory equipment to 
your drawings, in consultation (if necessary) with your 
scientifi¢ and technical staff 


@ Ask for a catalogue from 


a 


Through thick and thin Pyrex 


Everyone who makes glass 
apparatus needs PYREX Tubing. 
The PYREX catalogue lists no 
fewer than 80 standard lines, all in 
healthy demand. Who uses all this 
tubing? Hospitals, research labs 
for Government and industry, 
universities, schools. PYREX 

are always improving their 
production methods to attain 
even higher standards of quality. 
This is one good reason (among 
many) why everyone who is 
looking for quality glassware 
looks for PYREX 


PYREX 


Regd. Trade Mark BRAND 





Laboratory 
and scientific 
glass 


INDUSTRIAL SALES DIVISION JAMES A JOBLING & CO LTD Wear Glass Works Sunderland 











Plots and plans... 


Mapping inaccessible regions 

can be difficult and sometimes hazardous. 

It might involve trekking over 

rough and dangerous terrain, 

, constantly making tedious measurements. 

And when the field work is finished, 

the results have still to be interpreted 

and transferred to paper. 

With the Thompson-Watts plotter 

accurate contour maps can be plotted 

in a matter of hours 

from aerial stereo-photographs. 

© The illustration shows the controls of the Thompson- 
Watts plotter, which will accurately plot details and 


contours on a map to any desired scale, from a series 
of aerial photographs. 


HILGER « WATTS uro 





98 ST PANCRAS WAY, LONDON, NWI 











VACUUM TECHNOLOGY 
SPEEDIVAC™ 


TRADE MARK 


“SPEEDIVAC” AIR-BALLAST ROTARY 
VACUUM PUMPS 


A “MUST” where condensable vapours exist ! 


Many materials evolve contaminating vapours 
during vacuum processing yet are dependent upon 
a good vacuum at the end of the cycle for their 
successful finish—these are conflicts which are 
easily met by “SPEEDIVAC” AIR-BALLAST 
PUMPS. 

Many manufacturers concerned with degassing... 
melting . . . dehydration . . . impregnation . . . etc., 
report on the high efficiency of “SPEEDIVAC” 
pumps for handling large throughputs of vapours 
and gases. 


THERE ARE A FULL RANGE OF SIZES 


EDWARDS HIGH VACUUM LTD 


MANOR ROYAL, CRAWLEY, SUSSEX 
CRAWLEY 1500 (10 LINES) EDCOHIVAC, CRAWLEY 











Preserve your specimens in solid 
transparent plastic 


Biological specimens—insects, small skeletons, fish, etc., embedded 
in a block of Ceemar plastic are completely visible and can be 
handled indefinitely without injury—ideal for both school classes 
and advanced students. You prepare them yourselves using the 
Ceemar kit—a simple technique for any laboratory worker. 


Trial kit 35s. complete with full instructions. Post paid (in the 
United Kingdom) 


CEEMAR™:*" 


Obtainable from the principal laboratory suppliers or direct from 
E. M. CROMWELL & Co. Ltd., Rye St., Bishop’s Stortford, Herts. 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 
cover a wide selection of specialised scientific apparatus. 





ELECTRON MICROSCOPE TYPE EM6. A high resolution instrument 
embracing all the latest advances in electron optics. Magnification continuously 
variable up to x100,000. Resolution better than 15 Angstrom Units. 


















to Scientific Ends 


* 





Let us look into your problem. 
Experts of our Advisory Service can 
almost certainly help you with prob- 
lems of scientific investigation in any 
of the fields mentioned below. 







* 
Information on crystal structure, particle size and shape. Illustration shows * ELECTRON MICROSCOPY 
diffraction pattern of zinc oxide smoke superimposed on its electron micrograph. MASS SPEC™’. )METRY 

* CRYSTALLOGRAPHY 

* RADIOGRAPHY 

* MICRO-ANALYSIS 

METROPOLITAN -VICKERS * MATERIALS IRRADIATION 
* HIGH VACUUM ENGINEERING 
An A.E.1. Company 
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THE PROGRESS 
OF SCIENCE 
AT THE 
BRUSSELS FAIR 


The Philips Pavilion in the Dutch section 
of the Exhibition symbolises the culmina- 
tion of science and art, the outstanding 
attraction of the Fair. Designed by 

le Corbusier, and based on mathematical 
curves, the Pavilion will be used to play to | 
audiences examples of electronic music. 


THE THEME AND ITS EXECUTION 


“The contribution of each nation to the well-being of the 
peoples of the world” was the officially adopted theme of 
the International and Universal Exhibition of Brussels. It 
will be open from the middle of April to the middle of 
October, and during these six months all interested in 
science and technology should see how magnificently the 
pure and engineering sciences have contributed to this 
unique display. The first international exhibition since 
World War II, and the first in Europe for twenty-one years, 
it can be said that at least one-half of all its contents is 
concerned with science or technology. At Paris in 1937 the 
contributions which these two subjects made were only 
about one-quarter, and this increase truly reflects the 
immense progress of science during the last two decades. 

It is impossible to give here a complete catalogue of all 
the exhibits which should prove of interest to a scientist, if 
indeed such a tome will ever be compiled. A few intro- 
ductory remarks, a few statistics, a description of the 
Science Hall and of the two most inspiring engineering 
features—the Atomium and the Giant Concrete Spar—as 
well as a brief indication of certain outstanding scientific 
features in the various pavilions must unfortunately suffice; 
the selection will be purely subjective, but may perhaps act 
as an incentive to others to search for themselves. 


THE EXHIBITION 


Inevitably, a spirit of competition must enter into the 
minds of all beholders as pavilion is compared with 
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pavilion, display with display, and nation with nation. It 
is therefore not surprising that no coherent overall picture 
emerges when first looking at the many weird and wonder- 
ful architectural designs, all competing for the attention of 
the wondering eye. The visitor should therefore make a 
rapid, but complete tour by one of the mechanical methods 
of transport: helicopter, chair-lift, motor-scooter, or motor- 
train. To walk the 15 miles of thoroughfares is hardly a 
pleasure. 

Fifty-one countries and international agencies are taking 
part, their joint displays occupying over 125 acres, to which 
another 165 acres of the Belgian section must be added 
with its own twenty-two pavilions. A fun fair, a folk-lore 
section, and a helicopter aerodrome occupy the remainder 
of the 500 acres. The surface area of the car parks requires 
another 250 acres with a vehicle capacity of 3500 cars 
and 2000 coaches. To build this vast and complex city, 
demanding the most varied services and utilities, is alone 
a considerable achievement for the Belgian engineers who 
have worked for many years on this gigantic project. The 
great reshaping of roads, rails, and other transport facilities 
for the expected 40 million visitors appears as merely 
incidental. The cost has been stupendous; the budget of 
the Exhibition Company was estimated as £14 million, 
investment by the Belgian Government as £57 million, and 
the value of the objects in the Hall of Science alone as over 
£7 million. Naturally it is hoped to recoup some of these 
costs, and the English visitor will not find Brussels cheap 
this summer. 
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THE ATOMIUM 


All great exhibitions like to have large landmarks, the 
Eiffel Tower in Paris in 1889, the Dome of Discovery in 
London in 1951, and now the Atomium in Brussels in 
1958. It was appropriate that a scientific symbol, a metal 
crystal of the centred cubic system, enlarged 165,000 
million times, should be chosen for an exhibition so 
devoted to science. The concept of the Atomium dates 
from 1954 and was suggested by André Waterkeyn, the 
engineer who became responsible for its creation. The 
particular position of the cube, resting on one sphere, with 
a vertical diagonal, was essentially dictated by aesthetic 
requirements, but it necessitated three additional bipods to 
support the three lower spheres and to permit the evacua- 
tion of the visiting public from the Atomium. 

Preliminary aerodynamic design studies were carried out 
in the wind-tunnel of the Belgian Ministry of Transport, 
for although the wind resistance of a single isolated sphere 
is well known, a group of nine interconnected ones had to 
be tested; the total drag was found to be surprisingly low. 
Of the nine spheres, only six are in use: the three lower 
ones supported by bipods, and the three vertical ones. 
Each is 59 ft. in diameter, the total height of the Atomium 
being 334°6 ft. The connecting tubes are used for the 
transport of visitors, the vertical shaft containing the lift, 
running at 16-4 ft./sec. with a capacity of twenty-two 
persons. The top sphere contains a restaurant seating 140, 
with a look-out below for 250; these are accessible only 
by the lift, whereas escalators are used in the inclined 
tubes. 

The structural material throughout is steel, the spheres 
being covered with special aluminium sheeting, which had 
to fulfil three functions. It had to be very light and in small 
sections so that it could be fixed at great heights; it had to 
be rainproof and be pleasing to the eye. The Dome of 
Discovery provided valuable experience, as it had proved 
that riveting the sheets did not make the skin sufficiently 
rainproof, and also that a subsidiary framework was needed 
on to which the skin could be fixed. This frame was con- 
ceived as nine great circles of each sphere, giving by their 
intersections forty-eight spherical triangles, each of which 
is filled by fifteen smaller triangles of aluminium. All these 
panels are bolted together from the inside and made rain- 
proof at their intersections with a rubber and _ plastic 
joint. The result appears both pleasing and efficient, par- 
ticularly as a special overlay of an aluminium alloy allowed 
near-specular polishing. 

The windows, made of Plexiglas, have the same 
spherical radius as the aluminium sheets of the secondary 
triangulation, and portholes give light to the tubes with 
escalators. The ventilation of these large, almost airtight, 
spheres was solved in two ways: the base and reception 
area is conditioned by a heat pump-refrigeration system, 
and the other eight spheres have each their own air-con- 
ditioning plant. 

An express lift takes visitors to and from the top sphere, 
and a series of escalators provide access to the central and 
the three bipod-supported spheres. The base sphere con- 
tains an exhibit by the Belgian nuclear energy research 
group, showing the medical uses of iodine 131 and its 
production from telluric acid. Westinghouse Electric have 
hired another sphere to show a model of a pressurised- 
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water nuclear reactor being built in America for the Belgian 
research centre at Mol. 

The Atomium, which it is hoped will remain standing 
for at least ten years after the rest of the exhibition has 
been dismantled, undoubtedly symbolises, both inwardly 
and outwardly, man’s faith in the peaceful uses of atomic 
power. Should it ever reach the present age of the Eiffel 
Tower, it may well become an historical monument, sym- 
bolic of our age and of our justified pride in discovering 
some of the secrets of atomic structure. 
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(Below, left) The Beginning. Early in 1957 the central vertical 

tube of the Atomium was constructed. It is 59 ft. long and 

8 ft. in diameter; it weighs 39 tons. All work was carried out 
by the “Ateliers de Construction de Jambes-Namur”’. 


(Right) January 1958. The framework of the top spheres is 
assembled and the connecting tubes hoisted into position. 
For this purpose a 49-ft. spar boom, heavily trussed and with 
its base 340 ft. above the ground, was erected on top of the 
highest sphere. It stayed in place until the end of the erection 
period, March 1958. Note also the 148-ft. crane boom fixed 
above the central sphere, used to raise the twelve connecting 
tubes of 30 tons each. 


(Below) The bipods are in place for the support of the three 
lower spheres. Here the twelve main steel arches of the 
sphere with the superimposed secondary triangulation frame- 
work can be clearly seen as well as the beginning of the 
aluminium skin. 





The Giant Concrete Spar. As a symbol of the victory of civil engineering over the forces of nature, this 240-ft. beam acts 


as the support for a suspension bridge, allowing 1000 visitors to look at a $-acre map of Belgium below. The scale may be 
judged by the size of the workmen on the bridge. 


THE GIANT CONCRETE SPAR 


Equal to the Atomium in grandiose conception and 
superb execution is a free and unsupported concrete beam 
of 240 ft. length from which a bridge is suspended, itself 
nearly 200 ft. long. This gigantic structure symbolises the 
victory of civil engineering over the forces of nature, and, 
like the Atomium, is a magnificent tribute to Belgian 
engineering. Below the bridge, which can accommodate 
1000 visitors at the same time, lies an open-air map of 
Belgium, half an acre in size, showing roads with animated 
transport, railways, canals, harbours, bridges, aerodromes, 
factories, mines; in fact all the major civil engineering 
achievements of the country. 

The conception of this giant concrete spar with its 
suspension bridge below is entirely novel and based on a 
concept of counterpoise, the balancing object being a 
lecture hall with seats for an audience of 1500 people. One 
single massive foot and two slender concrete beams are 
all the connexion with the solid ground below. Jean van 
Doosselaere, the architect, and A. Paduart, the Professor 
of Civil Engineering at the University of Brussels, will 
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undoubtedly receive congratulations from all who see their 
unique concrete feature. 

The spar is so constructed that the variations of its cross- 
section are such that the maximum tension of the concrete 
and of the reinforcing steel are simultaneously reached 
along all its length. The cross-sections of the beam are in 
the shape of an V, and the thickness of the concrete varies 
from 4 to 12 cm., gradually diminishing towards the point 
of the spar. At the other end of the edifice, the auditorium, 
nearly 90 ft. long itself, is also constructed from reinforced 
concrete and supported by six concrete beams, radiating 
from the central supporting foot. The hall is covered by 
a paraboloid-shaped concrete roof and enclosed by glass 
windows. It will be acclaimed as daring, unique, and 
superb in conception and execution. 

Also based on the counterbalance principle is the whole 
of the French Pavilion, using a 240-ft. steel spar as a 
counterpoise for the steel supporting frame and its trans- 
parent plastic covering. Unfortunately, difficulties with 
the foundations of the nodal point have delayed the com- 
pletion. 
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(Above) The spar is made entirely from cast and reinforced con- (Below) A model of the spar; the principal elements of construction 
crete. A conception of its size can be gained from the scaffolding may be clearly seen. 
used during the construction. On the left is the roof of the lecture 

hall which acts as a counterbalance weight to the spar. 
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SCIENTIFIC HIGHLIGHTS AT SOME 
NATIONAL PAVILIONS 


The ofganisers of the Exhibition had it clearly in mind to 
emphasise the elevation of man as the goal of science. The 
liberation of man from nature’s slavery and the permanent 
subordination of the powers of the universe to the spirit 
of man, so that life can be made fuller, richer and happier, 
are contained in this concept. Through technology, men 
have become more conscious of their common destiny, and 
science has made world co-operation essential. These lofty 
aims have found various expressions in the pavilions of the 
forty-one participating nations, from the crass advertising 
of a single industrial product and the scarcely hidden 
political propaganda, to the Hall of World Co-operation 
and the pavilion of the United Nations. Naturally, such 
variations are only to be expected, as each country sees its 
own contribution in the light of its own history and con- 
temporary achievements. We must emphasise again that 
the few comments which follow can only touch on a minute 
cross-section of all that is displayed, merely a stimulus for 
others to look and think for themselves. 


Great Britain. The contribution of science and tech- 
nology in the British Government Pavilion has been fully 
described by its designer, J. Gardner (Discovery, 1958, 
vol. 19, No. 1, p. 20), and little need be added here. 
Working models with film background, often running syn- 
chronously, give the audience a stimulating impression of 
contemporary British achievements in science; in addition 
a working model of ZETA, showing a flash discharge every 
10 seconds, has been added. All who have been labouring, 
both in front of, and behind, the scenes to make these 
impressive displays possible must be congratulated on their 
fine achievement. 

In contrast, the British Industrial Pavilion deserves only 
criticism. Let it be said right from the beginning that each 
separate item and each separate stand is very fine and 
impressive, but the overall crowding of this pavilion, the 
completely incongruous juxtaposition of products, can only 
be detrimental to the visitor who will—on his way there— 
have seen the clear and simple industrial sections of 
Switzerland, Holland, and Germany, for example. Bovril 
next to boots and shoes, Rolls-Royce gas turbines on top 
of household goods, the chemical man of ICI and the model 
of the new P. & O. liner Canberra, each by itself is a superb 
advertisement for British Industry; but together they form 
merely a crowded conglomeration without any unifying 
thought. It is indeed sad to realise how little British 
Industry knows about selling its achievements to an inter- 
national audience. How correct was the Prime Minister 
when he said recently, “We are a nation extraordinarily 
given to self-denigration.” 

Again, in contrast to this, an extraordinary example 
of national boasting was found in the “Courtyard of 
Invention”, a display mounted by the Central Office of 
Information. There, a total of 109 “British” inventions 
were shown, ranging from the modern condensing steam 
engine, the Plimsoll line, and the first stainless steel to such 
things as Meccano, coke, the first sextant, the free-wheel, 
and the first life-line. 

Two items of this formidable list, we know, cannot 
possibly be credited to Britain, and there may well be others 
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The Courtyard of Invention, British Pavilion. In the foreground 
is the Whittle jet engine, 

















(Photographs by courtesy of Central Office of Information) 


ind 
A view of the British Government Pavilion. 





A general view of the British Industry Pavilion. In the fore- 
ground is a scale model of the Bradwell Atomic Station. 
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with which experts will disagree. “M & B (Sulphapyridine), 
May and Baker, 1937”—can hardly be claimed as a British 
discovery. The first of this group, Prontosil, is due to the 
German scientist Dr G. Domagk, who received in 1939 a 
Nobel prize for “his discovery of the anti-biotic effect of 
Prontosil”. His research work dates back to December 20, 
1932, which is the date of the original entry in his research 
records, and this is now accepted as the first discovery of 
the sulphonamides, of which sulphapyridine is, of course, 
only one member. 

Similarly, attributing the “first cinematograph apparatus 
to William Friese-Greene, 1890,” is a gross error which 
many French and American visitors will be quick to notice. 
E. J. Marey demonstrated his cine-camera to the French 
Academy of Sciences on October 29, 1888. Edison added 
perforations to the cinematograph film in 1889, and with- 
out Eastman’s contribution, the nitro-cellulose film, and 
Lumiére’s projection equipment cinematography could 
not exist. This particular invention is a very good illustra- 
tion of the many international contributions which must 
come together to perfect a single piece of apparatus. 

The “Courtyard of Invention”, designed as prestige 
advertising to impress the foreign visitor, is unlikely to 
fulfil its function if these and possibly other errors are 
included; it is greatly to be regretted that the Central Office 
of Information, the Government Department responsible 
for it, has refused to take the advice that was given when 
the list was compiled. 

Science is an international activity to which all mankind 
has contributed. If such a thing as “British Science” must 
form the subject of a prestige advertisement, then there is 
no need to embellish it with spurious claims. We can be 
proud that men and women who have worked in this 
country throughout the centuries have contributed perhaps 
more than a fair share to that systematic body of knowledge 
we call science. It is certainly neither good taste nor in our 
best tradition to claim for us what rightly belongs to other 
nations or is the result of international collaboration. 

Belgium. As the host country, naturally Belgium has the 
largest display of all, devoting complete pavilions to such 
subjects as transport, chemical industry, telecommunica- 
tions, food production, mining, electricity, petroleum, 
metallurgy, agriculture, housing, and, of course, civil engi- 
neering with its giant concrete spar. The Congo Pavilion 
alone has a large area devoted to scientific research in the 
colonies, with its greatest emphasis, naturally, on minera- 
logy. An entirely new geological survey map, 1 : 50,000, of 
the Lower Congo is on display, as well as many uranium 
mineral specimens. Interesting also are the showcases of 
flora and fauna according to their zonal distribution in 
height above sea-level. To do justice to Belgium’s con- 
tribution, several days of concentrated inspection by the 
scientific visitor would be required. 

Canada. Alone among the British Dominions, Canada 
has erected its own pavilion which compares very favour- 
ably indeed with the best of European displays. From a 
scientific point of view, much space is given to research: 
fisheries, forest products and aluminium taking first place. 
A Canadian-built jet-engine and a cobalt cancer therapy 
unit are noteworthy, all shown around a charming court- 
yard of modern design with aluminium leaves floating in 
space. 
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A duplicate of Sputnik II, the centre-piece of attraction in the 
Russian Pavilion. The lower cylinder corresponds to the one in 
which the dog, Laika, was carried. 

































































Holland. How different from the British Industrial 
Pavilion is the impression when one enters this large pavilion, 
the biggest after the U.S.A., the U.S.S.R., and France. A 
unifying theme, water as friend and foe, runs through both 
the official and the industrial displays, with a major emphasis 
on scientific research. In fact, an ingenious dome is entirely 
devoted to hydraulic engineering research with a large 
wave-tank in operation, testing the resistance of a dyke to 
erosion. Research on the reclamation of the Zuider Zee 
area, the Delta plan, and in the agricultural field on the 
genetic breeding of new strains of potatoes are other points 
worthy of interest. In the industrial field one remembers a 
giant Archimedes screw, raising water at the rate of 8000 
gallons per hour, a vast world transport map of glass mosaic 
on which the position of all Dutch ships and aircraft is 
changed hourly, and in the artistic field some delightful 
examples of glass-blowing, combining chemical apparatus 
with artistic features; they are all high-lights of this pavilion. 

Austria. Here again success has been achieved by a 
judicious selection of a few salient exhibits, placed in a 
pleasing surrounding. From a scientific point of view, the 
Reichert microscope, designed for the distant handling and 
inspection of radioactive samples, is the most interesting. 
An historical comparison between Austrian scientific 
inventions and their modern industrial counterparts is 
noteworthy, and none should neglect to see the large work 
of art, cailed Schatzkammer, a treasure-chest of welded iron 
sections, designed by Hoflehner. 

Germany. In its own complex arrangement of eight 
small pavilions, Germany has devoted one entirely to 
industry, in which not more than thirty-one items are most 
spaciously shown. They range from small models of 
rolling-mills and distillation-towers to the latest micro- 
scopes; full-scale exhibits include a demonstration of high- 
pressure chemistry, which in size extends through the three 
floors of the pavilion. The visitor will leave this demonstra- 
tion of German industrial work with an impression of 
efficiency, cleanliness, and power, precisely as the exhibitor 
intended. 

U.S.S.R. Russia can claim the biggest pavilion, but 
not the most imaginative one. A large rectangular box, 
marble walls covered with political and philosophical 
inscriptions, and a gigantic statue of Lenin in the far back- 
ground, are precisely what one would expect. However, the 
scientific interest of the individual exhibits far transcends 
this uninspiring shell. The U.S.S.R. alone has drawn atten- 
tion to its work on astronautics, showing in the middle of 
its hall a model of the first design of a space rocket by 
K. Tsiolkovski, 1903, side by side with models of Sputniks 
I and //J. Other rockets, used for meteorological, physical, 
and spectrographic research are there in life size, for the 
first time open to inspection as actual hardware. Next to 
the rocket display, there is a solar battery in working order, 
and also in the main hall one can find an interesting 
example of automation in the machine-tool industry, per- 
forming six consecutive machining operations. 

Hidden as almost insignificant in one of the side passages 
is a large-scale sectioned model of Lenin, the first atomic- 
powered ice-breaker now launched and in the final stages 
of fitting-out. She is of 16,000-ton displacement, develop- 
ing 44,000 h.p. at a speed of 18 knots. Models of atomic 
reactors and synchrotrons are shown, as well as models 











(Right) A general view of the German 
Pavilion, notable for its beautiful integration 
of natural landscape and architectural design. 





(Below) The Hydraulic Research Station in 

the Dutch Pavilion, housed in a shell of 

novel construction. Note the wave-making 

machine and the glass tank. The dyke profile, 
not visible here, is under the shell. 











of aircraft. Many relief displays are hideous and old- 
fashioned. 

U.S.A. Comparisons between the two largest nations are 
inevitable. The U.S. Pavilion faces the Russian one, and its 
outer shape is an imaginative cylindrical section, its roof 
with a circular hole in the centre being suspended by tension 
members, similar to the hub of a bicycle. The contents are 
devoted to a demonstration of the American way of life, 
complete with fashion models in bathing costumes, an 
excessively loud public-address system, a jazz orchestra, 
and an electronic voting machine. Of scientific interest are 
a power-operated manipulator for radioactive materials, 
a large IBM installation, and a non-sectioned model of an 
atomic-powered cargo-boat now in the design stages. 

Hungary. A small but interesting pavilion has been 
erected by this country and many interesting engineering 
devices are on show, notably the Erosimet spark-machining 
equipment. Its maximum cutting-speed is 120 cu. mm. per 
minute, with a maximum machining area of 5000 sq. mm. 

Czechoslovakia. Outside this pavilion the visitor is 
amazed by two gigantic symbols, a plastic work of art 
called “Under the Sun of Socialism” and by the wheel of 
a Kaplan turbine, weighing 170 tons; the theme of art 
and technology continues inside this pavilion. Uranium 
mineral mining and atomic power play a large part, to- 
gether with special laboratory instruments, such as an 
elasticitimeter for rocks and a pandameter. to measure the 
deformation of barrage dams. 
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(By courtesy of the Chambre suisse de d’ horlogerie, 4 La Chaux-Fonds 


Switzerland. Undoubtedly the most beautiful display of 
the whole Exhibition is the one by the Swiss Watch 
Industry. Of great scientific interest in this superbly 
decorated hall is the standard timekeeping equipment, a 
combination of a molecular standard and a quartz clock. 
Both are interconnected for comparative purposes and their 
output is plotted against an astronomical time-signal, 
received by radio from the Neuchatel Observatory. A 
graph will be drawn during the six months of the exhibition 
to show the difference between the astronomical and the 
atomic time; to demonstrate the irregularities of the Earth’s 
rotation as compared with a Swiss “watch”, must be con- 
sidered as a masterpiece of scientific prestige advertising. 
But the whole gallery is a masterpiece of taste. Around its 
walls there is a series of superb murals by Hans Erni, 
depicting the history of timekeeping and the famous men 
who have achieved the present standard of perfection. The 
centre is a simple showcase containing a few watches and 
clocks merely suspended by a large aluminium beam—the 
remainder empty space. Throughout the exhibition we 
have found nothing to equal it in sheer functional beauty 
and simplicity of taste. 

Another interesting display in the Swiss pavilion was the 
one mounted by the chemical industry, called continuous 
vibro-crystallisation. A mechanical shock is imparted to 
a column of crystallising mother liquor every few seconds, 
and after separation through a centrifuge, a continuous 
stream of dry crystals is removed on a conveying band. 
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(Left) Detail from one of three mural paintings by Hans Emi in the Swiss Horology Pavilion. From left to right: A. L. 
Breguet and his self-winding watch, which is the forerunner of today’s automatic watch; Thomas Mudge, inventor of 
the lever escapement; Charles Edouard Guillaume, inventor of the balance spring or “hair” spring; and Albert Einstein, 
whose work in the field of physics has changed our view of time and of the universe. 









(Below) A number of international industrial companies like Eastman Kodak, IBM, and Dexion have their own pavilions 
at the Brussels Exhibition in which they show only their own products. This picture of the interior of the Dexion Pavilion 
shows an enlarged photograph of a condenser unit for processing liver extract at the Armour Laboratories, Eastbourne. 
Note that all the structural supports of the building are of the same material. 
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FIG. 1. Daylight factor slide-rule developed from model studies of inter-reflections in school classrooms. 
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MODEL AND MEASUREMENT 
IN LIGHTING RESEARCH 


R. G. HOPKINSON, Ph.D., B.Sc., M.1.E.E., F.R.P.S., F.1.E.S. 


D.S.1.R. Building Research Station, Garston, Watford, Herts. 


People are unobservant. This is especially true in respect 
of their daily environment, few people notice much about 
the place where they live and work. For this reason lighting 
causes very little comment except when it is particularly 
bad. Lighting is something which most people are content 
to accept as it is, and to do very little about it. They rarely 
recognise precisely why there is anything wrong, and find 
it very difficult to express themselves when they want to 
make a complaint. 

Quite recently, in the course of a pilot social survey, 
draughtsmen were asked, among a great many other things, 
for comments about the daylighting in their office. One 
comment was “the daylight is good, but only a few can 
enjoy it”. The draughtsman probably meant that the day- 
light was comfortable for all, but it was insufficient for the 
majority, only those near the windows being able to see 
well with it. If he did mean this, he touched on the main 
problem of the lighting designer, which is to provide a 
sufficient quantity of light for efficient visual work, and to 
achieve this without introducing some degree of glare dis- 
comfort. If windows are made very big, or light fittings 
are made laree and powerful, very high levels of lighting 
can be realised, but at the cost of much discomfort to 
many people. 

Lighting research at the Building Research Station was 
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directed, shortly after the war, into the problem of how to 
achieve freedom from visual discomfort. Research on the 
problem had to be completed before any new and useful 
principles of good lighting could be formulated. 

In deciding on how this work should be done, two 
assumptions were made: first, that the great skill of the 
human being in making precise subjective judgments could 
be directed to the problem; and second, that the experi- 
ments could be conducted in models where conditions 
could be controlled and varied independently of one 
another. These two assumptions have been justified by the 
results, but at the time the decision was made they were 
considered rash, or at best, bold. 

The classically trained physicist or engineer knows little, 
and is not interested to know more, of the ability of people 
to make precise subjective judgments. It is only when the 
engineer comes to design an instrument to replace the 
human assessor of quality that he appreciates what a highly 
efficient device the human being is for receiving diverse 
information, estimating absolute and relative magnitudes, 
integrating and weighting the data, and arriving at an 
overall appraisal with reliability and precision. 

Lighting research demands particularly close co-opera- 
tion between the engineer and the architect because the 
results of such research when applied in the design of 

















FIG. 2. Model room and artificial sky used to study inter-reflected light in buildings. Near wall of room removed to show interior. 


FIG. 3. General view of apparatus for the appraisal of glare, one side of the model removed to show interior. 
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NOMOGRAM I 


AVERAGE INDIRECT COMPONENT OF DAYLIGHT FACTOR . 





FIG. 4. Nomogram for rapid calculation of inter-reflected 
daylight in rooms. 


buildings are appraised in terms not only of the quantity 
of light, but also of appearance. In lighting, as in any 
modality involving human sensation, the purely numerical 
specification of an installation is an inadequate description 
of the goodness of the installation. Naturally the engineer, 
from the nature of his training, will concern himself 
especially with those aspects of the problem which can be 
disciplined in terms of numbers. Often of equal impor- 
tance, however, are those factors which can only be 
expressed verbally or pictorially and which are not capable 
of numerical description. 


THE STUDY OF SUBJECTIVE ATTRIBUTES 
OF LIGHTING 


Perhaps the most typical example of the type of study 
which yields information on subjective attributes of light- 
ing is that undertaken to determine the factors which 
govern glare discomfort. There are two distinct manifesta- 
tions of glare: the one is that which reduces the ability to 
see (“disability glare”) and the other is that which causes 
direct discomfort (“discomfort glare”). The distinct 
difference between these two is still not properly sorted 
out, but it can be demonstrated experimentally that they 
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are in fact different phenomena and probably depend on 
different physiological mechanisms. The disabling effect of 
glare is caused to a great extent by the scattering of light 
in the optic media, whereas discomfort glare is due to the 
greatly differing levels of local adaptation demanded of the 
retina when bright sources are imaged in a dark ground. 
The actual discomfort appears to be associated, among 
other things, with the involuntary contraction of the facial 
muscles and is linked with the pupillary control mechanism, 
but these in turn are activated as a result of responses from 
the unevenly illuminated retina. 

Discomfort from glare was investigated in an apparatus 
which was effectively a kind of model room in which glare 
sources could be introduced of a very wide range of shape, 
size, position, and brightness. The whole environment 
could be made lifelike, to simulate, for example, a school- 
room. 

The basic principle of the experiment was to ask a 
subject for his judgments on glare under carefully con- 
trolled physical conditions, and to determine how the 
judgments altered with a change in the conditions. 

A system of judgment was devised which has been called 
the Multiple Criterion Technique. The basis of this system 
is to choose, as a result of a pilot experiment, a physical 
variable which, when changed, produces a readily recog- 
nisable alteration in the sensation being investigated. By 
giving the subject control of this physical variable he can 
experience the whole gamut of sensation. He is asked to 
make judgments of the magnitude of this sensation in terms 
of a small number of recognisable criteria. In the case of the 
glare experiment these criteria were: (a) just intolerable, (5) 
just uncomfortable, (c) just acceptable, (d) just perceptible. 

Even though a subject had nothing to guide him but his 
personal assessment of the absolute magnitude of the 
degree of glare sensation which he was experiencing, never- 
theless he was able to hold this criterion over a long period 
of time. Undoubtedly the use of a series of criteria served 
a dual purpose. First, they conveyed more information 
about the relation between the physical variable and the 
magnitude of the sensation than could be obtained in any 
other way; and second, each criterion helped the subject 
to refine his judgment on the others. The information was 
consequently more comprehensive and more reliable at the 
same time. 

These studies enabled empirical formulae to be devised 
for the relations between the physical variables which 
govern glare. The degree of glare is expressed by a 
constant G, which increases with increasing discomfort. 
G depends on the brightness of the source (B,), its apparent 
size (w), its position in the field of view f(A), and is 
minimised by increasing the background brightness (B,) 
and the immediate surround to the source f(B;). 


re B,'*w°*f( A) 


Thus ——--—. 
By*°f(Bi) 

MODELS FOR THE STUDY OF 
OF LIGHT IN AN INTERIOR 


The behaviour of light in an interior of a room is com- 
plex. Although the lighting in a room can be calculated to 
a first approximation by means of simple conventional 
radiation concepts, such an approximation is now no 
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FIG. 5. (Above) Model hospital ward show- 
ing photocells used to measure illumination * ey 
levels at bed-height. 


FIG. 6. (Right) Interior of ward at Larkfield 

Hospital, Greenock, by day. Baffle window 

reduces sky-glare for patients in beds nearest 
the window. 
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longer of any practical use. In rooms with walls of rela- 
tively high reflection factor, so much of the useful light 
arrives at the working plane by reflection and inter- 
reflection, that it often constitutes a major portion. of the 
total light. This poses a particularly difficult problem for 
the lighting engineer, because radiative transfer in a com- 
plex entity like a room is practically impossible of simple 
systematic statement. It is therefore absolutely necessary 
to have recourse to empirical formulae where an adequate 
compromise between expediency, simplicity, and accuracy 
is achieved. 

Pleijel in Sweden undertook an extensive series of model 
studies which showed that the relations between the 
relevant physical factors—that is to say, the dimensions of 
the room, the size and position of the windows, the reflec- 
tion factor of the surfaces inside and outside the room, and 
so forth—might, with sufficient accuracy, be expressed 
linearly on logarithmic scales and thence that nomograms 
and slide-rules might be constructed to simplify the calcula- 
tions of the reflected component of daylight. Studies at the 
Building Research Station confirmed and extended these 
conclusions. 

A model room was constructed to a scale of | in. to 1 ft. 
and made in such a way that its proportions could be 
changed by means of sliding panels. These panels served 
as walls and could be painted to different reflection factors 
as required. The floor and ceiling could also be changed, 
the ceiling height could be raised or lowered, and the 
window dimensions altered. The source of daylight was 
in fact an artificial sky rather than the natural sky because 
its brightness could be controlled satisfactorily; it was so 1G. 7. (Above) Modular units being used to construct a one-sixth 
designed that it simulated closely the brightness distribu- eae stems ri seincot 
tion of the actual overcast sky. The reflection factor of a 
the “ground” outside could also be controlled. The photo- 
metric measurements in the room were made with photo- 
electric cells which had all been carefully calibrated and 
corrected for accurate response to light of all amounts and 
coming from all angles (linearity and cosine response). 
The results obtained from this model were communicated 
to a meeting of groups working on these problems in Paris 
in 1953 under the aegis of the International Commission of 
Illumination (CIE). Those who had been working on the 
problem from a theoretical point of view and those who 
had been working empirically were able to get together and 
compare their results. The upshot was the derivation of a 
simple formula for the computation of indirect reflected 
light in a room (“the BRS Empirical Daylight Formula”) 
which made use of the best features of both the theoretical 
and empirical work. This states that the indirect com- 
ponent of the daylight at a point in a room is given 
by: 
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where W =area of window 

A=area of all surfaces in room (ceiling, floor, walls 

and windows) 

C=a constant which depends on the angle sub- 
tended at the centre of the window by any 
external obstructions. With no obstruction, 
C=39, with a 20° obstruction, C=31. 























FIG. 8. (Below) Model classroom used to study daylight supple- 








nted by artificial light. 
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R, Rw, and Rew are respectively the averaged 
reflection factors, as a fraction of unity; R, of 
all the surfaces in the room, including the 
windows; Ry», of the floor and those parts of 
the walls below the plane of the mid-height of 
the window; and R-w», of the ceiling and those 
parts of the walls above the plane of the mid- 
height of the window. 


This formula gives a closer approach between calculation 
and measurement and a better compromise between 
accuracy and expediency than had been achieved pre- 
viously. On this basis various aids have been constructed 
such as the BRS nomograms, the BRS daylight factor slide- 
rule, and also simplified daylight tables. 


QUANTITY AND QUALITY 


Good lighting is a matter of the whole environment, its 
brightness, its colour, and its pleasing appearance. In order 
to design good lighting, therefore, it is of inestimable help 
to have a model which enables one to see directly what 
are the effects of changes in the design. 

This third type of model study can perhaps best be 
illustrated by work which was done jointly by the Building 
Research Station and the Division of Architectural Studies 
of the Nuffield Foundation, in the design of a new general 
medical block for a hospital at Larkfield in Scotland. The 
basic design of the hospital ward arose from a careful 
investigation by the Foundation into the organisation and 
running of hospital wards, and resulted in the choice of a 
ward design with a very deep layout, very similar to the 
Danish National Hospital (the “Rigs” design). This 
demanded a ward about 43 ft. deep from window to 
window. Preliminary calculations showed that adequate 
lighting could not be achieved by skylight alone. The 
question was, could direct skylight be supplemented by 
indirect reflected light to reach an adequate level, and if 
so, could a comfortable lighting environment suitable for 
a hospital ward also be achieved? Furthermore, what 
would be the minimum ceiling height for good lighting, 
because economy in building was one of the main features 
of the investigation, and this in turn is closely tied up with 
ceiling height. 

A scale model of the ward was made. The ceiling height 
could be varied, the windows and the internal walls could 
be altered in size and position, the walls and floor could 
be changed in reflection factor or type of surface, and 
model artificial lighting could be introduced. A special 
artificial sky was designed to simulate the light coming 
both from the sky and also from the ground outside. 
Measurements were made with photoelectric cells plugged 
into the appropriate positions in the floor at bed-height. 
These could, however, be removed and model furniture put 
into the ward when required. 

Successive stages of trial, measurement, and appraisal 
by architect and engineer working together led to the final 
design. This design included a baffle placed in the window 
to reduce substantially the sky-glare as seen from the bed 
nearest the window but which would interfere as little as 
possible with the passage of direct daylight to the inner 
parts of the room. 

One of the important conclusions was that good lighting 
could result even when the ceiling height was reduced to 
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as little as 10 ft., provided the reflection factor of the walls, 
ceiling, and floor were sufficiently high. Colour treatment 
for the walls was designed from this knowledge of neces- 
sary wall reflection factors. 

The final design is now incorporated in a finished build- 
ing at Larkfield, near Greenock, where the model measure- 
ments and subjective assessments have been confirmed. 

Artificial lighting was also studied in this hospital 
model. Here the problem was to determine how the 
light should be distributed in order to achieve lighting 
appropriate to a hospital ward. The requirements of ward 
lighting introduce interesting applications of lighting 
principles. First of all, the level of illumination required 
for clinical examination is far higher than that which is 
desirable for general ward lighting. The needs of the 
nursing staff are (a) a high level of illumination to enable 
clinical examinations to be made, and (b) a sufficient level 
of general lighting in the ward to enable the nursing staff 
to go about their work efficiently, and to be able to survey 
the ward and spot instantly anything that is amiss. These 
requirements must not, however, conflict with the needs of 
patients, which are (c) enough light to be able to see to 
read, to knit, and to converse without disturbing any other 
patients who wish to rest, and (d) a complete absence of 
any form of visual discomfort, distraction, or irritation. 

Clinical examinations demand at least 100 lumens per 
sq. ft., and the provision of a good adjustable bed-head 
light will meet this need, and also the first of the patients’ 
demands. 

The general ward lighting is not too easy to determine, 
for it must be a compromise. The most critical of the 
nurses’ tasks are as difficult visually as those of the 
clinician, so the general lighting should not be so feeble 
that a nurse is forced to switch on the local light first in 
order to see in an emergency. It should be sufficient to 
enable her to do the most difficult of her visual tasks even 
if under considerable visual strain for the moment. Once 
an emergency is past she can switch on the local light if 
necessary. The upper limit for the general ward lighting is, 
however, determined by the comfort of the patients. The 
difficulty here is to provide the level without introducing 
glare discomfort. The compromise between comfort and 
efficiency is in the region of 3-10 lumens per sq. ft. for 
general ward lighting, and in order to avoid glare dis- 
comfort the visible brightness of the lighting fittings should 
be kept down to not more than 100 ft. lamberts. 

The character of lighting in a ward should be both 
cheerful and restful, and this can only be determined by 
careful model studies. It is achieved if the greater propor- 
tion of the light is reflected from ceiling and walls, and a 
small proportion of the light (about 25%) is received 
directly on the bed. 

In the Larkfield Hospital this light distribution was 
achieved by building suitable fittings into the baffle. 

The most recent model studies at the Building Research 
Station use a form of construction which enables the models 
to be erected very quickly from a large number of com- 
ponents built to a scaled-down module. The lighting in a 
fairly complicated building can thus be designed and inves- 
tigated in less than a day, something which would be impos- 
sible by calculation. In addition, the model study gives 
subjective information which calculation could never give. 
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More recently models are being used in the study of 
buildings in which a permanent blend of artificial light and 
daylight is inherent in the design. This is a new departure 
in architectural design occasioned partly by structural 
innovations and partly by the fact that artificial lighting 
is becoming steadily cheaper with the development of new 
lamps. However carefully a building is designed, it is very 
difficult to provide very high levels of daylighting without 
introducing discomfort due to sky glare. The new system 
simplifies the provision of glare-free lighting and may 
possibly introduce economies in building construction. 


WHEN SHOULD MODELS BE USED? 


Almost always. With a flexible model technique there is 
no longer any reason to complain that model studies are 
time-consuming. Models can now be erected and photo- 
metric and subjective determinations made sufficiently 
quickly for all purposes except those in which the very 
sketchiest information is sufficient. It is, however, very 
necessary that the lighting laboratory should be equipped 
for making photometric measurements of high accuracy as 
well as for making subjective judgments. Good lighting 
cannot be achieved by intuition alone. To look at a model 
and to size it up will only go part of the way, for it is 
essential that there should be a sound quantitative basis 
for what is going to be put into the design. The artistic 
intuitive approach can do a great deal, but by itself can 
lead to mistakes. 

Why can we in fact not dispense with models and do 
everything by calculations? A great deal can indeed be 
done to specify the final appearance of an interior by 
making use of the information which is available on 
adaptation and apparent brightness. But so many things in 
a building are difficult to imagine, the effect, for example, 
of reflected light from a strong colour on a neighbouring 
weak colour, the effect of harsh contrast between a bright 
patch of sky and an adjacent dark patch of wall, the loss 
of colourfulness of a bright colour when it is seen in a 
shadow or in juxtaposition to a bright window, and so on, 
all things which, given sufficient time and patience, could 
be specified in quantitative terms, but which are so much 
easier to determine by direct observation. The model 
enables us to do this. It does it surprisingly well, as we 
now know from our experience of following a design like 
the Larkfield Hospital through from the drawing-board 
via the model to the final finished building. 
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ROBERT BROWN 
(1773-1858) 


June 10 marks the centenary of the death of Robert Brown, 
the foremost botanist of his time and the discoverer of 
“Brownian movement”. The son of an episcopalian 
minister, he was born at Montrose in Scotland on Decem- 
ber 21, 1773, and was educated at the local grammar school, 
at Marischal College, Aberdeen, and at the University of 
Edinburgh. Intended for a medical career, he preferred 
natural history to the physical sciences and from his 
student days showed a great love for botany. Leaving the 
University without a degree, in 1795 he was commissioned 
as ensign and assistant-surgeon in the Fifeshire regiment of 
fencible infantry. His duties took him to London, where 
he met Sir Joseph Banks, president of the Royal Society, 
who gave him access to his collections and library in Soho 
Square, and offered him the post of naturalist to an expedi- 
tion which Captain Matthew Flinders was to lead on a 
survey of the then almost unknown coasts of Australia. 
During a four years’ voyage Brown collected some four 
thousand species of dried plants, many of which were new 
to science, from New Holland and the southern part of Van 
Diemen’s Land. The value of this collection was enhanced 
by his painstaking anatomical and physiological observa- 
tions on the plants during the long homeward voyage. In 
1810 he published in Latin the first (and only) volume of 
his great work, “Prodromus Florae Novae Hollandiae et 
Insulae Van Diemen”, and in the same year he became 
librarian to Sir Joseph Banks. 

Brown was elected to the Royal Society in 1811 and in 
1839 was awarded its coveted Copley medal for his 
researches on vegetable impregnation. Between 1826 and 
1831 he published papers on the “Character and Descrip- 
tion of Kingia, a new genus of plants on the south-west 
coast of New Holland, with observations on the structure 
of its unimpregnated ovulum and on the female flowers of 
Cycadeae and Coniferae”; on “the particles contained in 
the pollen of plants, and on the general existence of active 
molecules in organic and inorganic bodies”; etc. He lived 
in a fertile period of transition in which embryology as a 
method of investigation was slowly coming into its own. In 
his publications, characterised by patient research and 
cautious appraisal of detailed observations, he elucidated 
the nature Of fertilisation, studied the gradual formation of 
the embryo after fertilisation, and anticipated the extensive 
use of embryology popularised by Wilhelm Hofmeister. 

Using a simple lens of one-third inch focal length, Brown 
observed the cell nucleus, which he described and named 
in his paper, “On the organs and mode of fecundation in 
Orchideae and Asclepiadeae”, read before the Linnean 
Society on November | and 15, 1831, and published in the 
Society’s Transactions, 1833, vol. 16, pp. 685-745. It was 
in 1827 that he obtained direct evidence of the action of 
molecules when he noted the irregular movements of 
minute particles under the microscope. This “Brownian 
movement”, as it is still called, was explained by William 
Ramsay in 1879 as being produced by the bombardment of 
the particles by the molecules of the liquid in which they 
are suspended. Brown’s discovery was announced in “A 
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brief account of microscopical observations made in the 
months of June, July, and August 1827, on the particles 
contained in the pollen of plants; and on the general exis- 
tence of active molecules in organic and inorganic bodies”. 
According to a footnote on the title page, this paper was 
not published; it is included in the first volume of “The 
Miscellaneous Botanical Works of Robert Brown”, pub- 
lished by the Ray Society in 1866. It is interesting to note 
that the Oxford Dictionary attributes the first use of the 
term “Brownian movement” to Henry Charlton Bastian, 
one of the founders of English neurology, in 1871, but four 
years previously S. Exner had presented a communication 

n “Brownsche Molecularbewegung” before the Academy 
of Sciences in Vienna. 

Many scientific and other honours came Brown’s way. 
He was elected a fellow of the Linnean Society in 1822 and 
president in 1849 at the age of seventy-six; the University 
of Oxford bestowed on him the honorary degree of D.C.L.; 
the King of Prussia awarded him the decoration Pour le 
mérite, and Sir Robert Peel granted him a civil list pension 
of £200 a year. 

Brown died in his eighty-fifth year on June 10, 1858, 
in Sir Joseph Bank’s library, which had been the scene 
of his devoted labours for sixty years. As a scientist he 
was methodical, painstakingly accurate, cautious, philo- 
sophical, industrious, and independent. As a botanist he 
thought of floras in terms of continents and elaborated rela- 
tionships unobserved by others. As a writer he combined 
minute accuracy of detail with comprehensive generalisa- 
tion. As a man he was simple, modest, truthful, a good 
conversationalist with a keen sense of humour and a fund 
of anecdotes, and a delightful companion. To the great 
German naturalist Alexander Baron von Humboldt he was 
Botanicorum facile prince ps. 
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FINDING LARGE PRIME NUMBERS 


E. M. WRIGHT 


Professor of Mathematics, Aberdeen University 


The Theory of Numbers or Arithmetic is the branch of 
mathematics which deals essentially with the properties of 
the whole numbers I, 2, 3, .... According to Kronecker, 
“God made the whole numbers, all the rest (of mathe- 
matics) is man’s doing.” The element of exploring an exist- 
ing but unknown universe, and even of experiment, is 
particularly strong in the theory of numbers. Of course, 
this applies also to other branches of mathematics, but in 
arithmetic, more than in any other, we seem to be examin- 
ing with difficulty a painting already there but only dimly 
visible, rather than painting a picture (often much less 
attractive) ourselves. This may be part of its fascination, 
but another is that in the theory of numbers, almost alone 
in mathematics, there is a multitude of problems which 
can be stated very simply but whose solution, if possible at 
all, requires some of the most elaborate and sophisticated 
theories and ideas of which the human mind is capable. 
The topic we discuss here, namely that of finding very 
large primes, has also the attraction of record-breaking and 
of sporting competition. 


PRIME NUMBERS 


At a very early stage of mathematics we find it useful to 
be able to split a whole number into its factors and soon 
discover that we have finished the job when, and only 
when, we have expressed the number as a product of prime 
factors. Thus 


9450=50 x 189=2 X25X7X 27=2X3X3xK3xX 5X5%X7. 


A number is said to be prime if it has no factors other than 
itself and the inevitable factor 1. It is usually convenient 
not to consider | as a prime, though practice varies. It is 
easy to see that we can, in theory, express any whole 
number as a product of primes. It is less obvious (though 
most of us accept it as obvious) that we can express a whole 
number as a product of primes in one way only, apart from 
the order of the factors. Thus 9450 above cannot be 
expressed as a product involving different primes from 
those shown. For any individual number this can be easily 
verified. The result for all numbers is known as the Funda- 
mental Theorem of Arithmetic. Its proof is short but the 
ideas involved are not entirely trivial.* 

The first obvious question to ask about the sequence of 
primes 

2, 3,5, 7, 44, 93, 17, 82 2, 31, 37, ss 


is whether it goes on for ever. Is there an infinity of primes 
or does the sequence eventually stop? Euclid answered this 
by the following beautiful reductio ad absurdum argu- 
ment. Suppose that the sequence does stop and that the 
primes are 

Ri toy Fa tay ove 


*See, for example. Hardy and Wright, Introduction to the 
Theory of Numbers (Oxford, 3rd edition, 1954), Chapter 2. 
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so that p is the “last” prime. The number 
N=(2X3x5X ... Xp)+1 


is not divisible exactly by any of the primes, since the 
remainder 1 is left. Hence either N is a prime (obviously 
greater than p) or AN is divisible by a prime not included in 
our list. Thus we are led to a contradiction if we assume 
that there is a finite list of primes and so the sequence of 
primes must continue indefinitely. 

Given any whole number n, we can test whether it is 
prime by dividing it in turn by every number less than n. 
In practice, much less is necessary. If m is composite (that 
is, not prime) it must have two or more prime factors and 
so its least prime factor cannot be greater than /n. Hence 
we need only test m for divisibility by each prime not 
greater than /n. More generally, this idea provides a prac- 
ticable method (known as the Sieve of Eratosthenes) of 
constructing a table of primes. From the sequence of whole 
numbers we delete in succession all multiples of 2, all 
multiples of 3, all multiples of 5, all multiples of 7, and so 
on. The device is well adapted to automatic methods 
and has been used to construct tables of primes up to 
100 million. In particular, we may mention Lehmer’s well- 
known table of primes up to 10 million. 


MERSENNE’S NUMBERS 


While this method suffices to construct a table of primes, 
it is not very suitable as a means of finding very large 
primes. For example, to determine by this means whether 
a number in the neighbourhood of 10" is prime, we should 
have to test its divisibility by each of the 78,498 different 
primes below a million. Attempts to find very large primes 
have been concentrated upon certain numbers to which 
special tests apply. Of these the most famous are the 
Mersenne numbers 

M=M,=2’—1, 


where p is a prime. It is easy to show that, if n=ab, then 
2"—1 is divisible by 2¢—1 and 26—1. Hence, unless n is 
a prime, 2"—1 must be composite. In 1647 Mersenne stated 
that M is a prime for 


p=2, 3, 5, 7, 13, 17, 19, 31, 67, 127, 257 


and composite for the other 44 values of p less than 258. 
There are in fact five errors in this statement, and M is now 
known to be prime for 


p=2, 3, 5, 7, 13, 17, 19, 31, 61, 89, 107, 127 


and composite for the other p less than 258, so that we 
need not take Mersenne’s statement very seriously. 

What is interesting is that Lucas found a surprisingly 
simple test to determine whether any M is prime or com- 
posite. He constructed the sequence 


4, 14, 194, 37634, 1416317954, ... 





in which each member is obtained by squaring the preced- 
ing member and subtracting 2, for example 


4?—2=14, (14)?—2=194, (194)? -2=37634. 


Lucas proved that, for p>2, M, is a prime if and only if M, 
divides exactly (that is, without remainder) the (p—1)-th 
term of his sequence.* For p=3, we have M,=7, a prime, 
and 7 divides 14, the second term of the sequence. For 
p=5, M;=31, a prime, and 31 divides 37634, the fourth 
term of the sequence. 

Since each term of the sequence is almost the square of 
its predecessor, the size of the terms increases very rapidly 
indeed. The sixth member is a number of 19 digits and the 
members rapidly grow beyond anything we can handle, 
even with the utmost resources of modern electronic com- 
puters. However, if L;, denotes the k-th member of Lucas’s 
sequence, we are not interested in the actual value of L,-., 
but in whether it is, or is not, divisible exactly by M). 

If we want to test a particular M for primality we calcu- 
late a new sequence H,, H., .... This sequence begins 
like Lucas’s with H,=4. We obtain each member by 
squaring the preceding number and subtracting 2 (just as 
for Lucas’s sequence); then, however, if the result is greater 
than M, we subtract multiples of M until we reach a 
remainder which is less than M (that is, we divide by M and 
take the remainder). Thus every member of the new 
sequence is less than M and we never have to square a 
number larger than M. It can then be proved that H, is the 
remainder of L,; when L, is divided by M. Hence, L,., is 
exactly divisible by M (that is, M is prime), if and only if 
H,_, is zero. 

As a simple example, take M=2°—1=31. We have 
H,=L,=4, H.=4°—2=14 and to calculate H;, we seek 
the remainder of (14)>—2=194 when divided by 31, that 
is, 8. Now 8*—2=62, which leaves a remainder H,=0 
when divided by 31. The saving of labour increases enor- 
mously for larger M. 

Even for the sequence of remainders, however, the calcu- 
lations become laborious as p gets larger. None the less 
Lucas in 1876 found by this method that M,,;=2'*'—1 was 
prime. At this date and, indeed, for a period of 75 years, 
this number of 39 digits was the largest known prime. 

With the advent of electronic computers, it seemed likely 
that larger primes would be found. Lucas’s test is especially 
well adapted for use on a computer working in the binary 
scale, as do all, or almost all, the large electronic com- 
puters. (In this scale 10 denotes 2, 100 denotes 4, 1000 
denotes 8 and so on.) In such a scale the remainder of any 
number when divided by 2?—1 can be found by moving 
the left-hand digits p places to the right and adding them to 
the remaining digits. Such a step is a trivial one for a 
computer. 


MAN VERSUS THE MACHINE 


In 1951, Turing on the first Manchester computer applied 
Lucas’s test to M, for all p up to and beyond 300, but 
found no new primes. At this stage, when it seemed certain 
that the next advance would be made by means of an 


* For a proof, we refer the reader to Hardy and Wright, /oc. cit., 
Chapter 15. 
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electronic computer, Ferrier, using only a desk machine, 
showed that 
2148 > 1 
17 





was a prime. Thus, after Lucas’s record had stood for 
75 years, it was broken by methods apparently already 
obsolete. Ferrier has the distinction of having found the 
largest prime obtained without the use of an electronic 
computer. He is likely to retain this record for some time. 

Of course, Ferrier’s number did not long remain the 
largest known prime. In the same year Miller and Wheeler 
used the Cambridge EDSAC to find a number of larger 
primes of the form AP+1, where P is M,.;, and one of the 
form hP* + 1, namely 


180(2**7—1) +1. 


This with its 79 digits handsomely outranged any previous 
prime found. 

Ferrier, Miller, and Wheeler necessarily used tests of a 
different kind to Lucas’s, since the latter applies only to 
Mersenne’s numbers M. Lehmer and Robinson (1952) now 
began to apply Lucas’s test to M, for larger p on the SWAC 
computer (National Bureau of Standards Western Auto- 
matic Computer) at Los Angeles. The process was carried 
out for all p less than 2304, a limitation imposed by the 
size of the “memory” of the computer (since, I believe, 
increased). Five new primes were found, namely M, for 


p=521, 607, 1279, 2203, 2281, 


the remaining M,, for 127<p<2304 being found composite. 
(The time taken by the computer to carry out the test for 
p=521 was about a minute; for p=2281, it was about an 
hour. A minute’s work on the machine would require more 
than a year’s work with a desk calculator.) Thus the largest 
known prime at present is 


M225, =27**'—1, 


a number of 687 digits when written in the decimal scale. 
According to Bang (Nordisk. Mat. Tidskrift, 1956, vol. 2, 
pp. 157-68), this number is 


2PM am J 44 60875 57183 75842 95711 51706 40210 18098 
86208 63241 28599 OLIL1 99121 99634 04685 79282 04733 69112 
54526 90039 89026 15324 59311 24316 70239 57587 05693 67936 
47909 03497 46114 70710 65254 19335 39381 24978 22630 79473 
12410 79887 48690 40070 27932 84288 10311 75484 41080 94878 
25249 48667 60969 58699 81289 82645 87759 60289 79171 53696 
25030 68429 61733 17021 84750 32458 30091 71832 10491 60501 
57628 88660 63721 45501 70222 59251 25224 07682 96054 27173 
57396 48129 95250 56941 24807 20738 47685 52936 81666 71284 
48311 90877 62060 67866 63862 19024 01185 70736 83190 18864 
79225 81041 47140 78935 38656 24979 68178 72912 76295 94924 
41196 09613 86713 94627 98992 75006 95491 71397 58796 06122 
38033 93537 38103 46664 94402 95105 20590 47968 69325 53886 
47930 44092 51041 86817 00964 01717 64133 17241 81328 36351 


ARE THE ANSWERS RIGHT? 


It is natural to ask how much trust can be placed in the 
accuracy of the computers. No remainder was accepted 
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until it had been obtained twice and on different days. 
There is, however, an aspect of Lucas’s test which makes 
its result in particular cases extremely trustworthy if M is 
found prime, but much less so if M is found composite. 
The possible final remainders are M in number and M is 
very large. If we obtain the remainder 0 instead of any of 
the M—l1 other possibilities, this is very unlikely to be a 
chance result after one or more errors. But we shall obtain 
one of the M—1 non-zero remainders instead of the 
correct 0 as a result of almost any error 

It has been conjectured that M, is always prime when p 
itself is a Mersenne prime. Thus 


M.=3, M;=7, M;=31, M,=127, M,,=8191 
and 
M;, M,, Mu, Mi: 


are all primes. But 
Mais. = 728191] 


has been found composite (by Lucas’s test) by Wheeler on 
the ILLIAC computer (at the University of Illinois). For 
the reason mentioned above, this result is less immediately 
trustworthy than the result that M..s, is prime. But for this 
very reason, it has been thoroughly checked. Thus 2*'*'—1 
is the largest number known to be composite without a 
factor being known. 


FERMAT’S NUMBERS 


Another famous set of numbers consists of Fermat’s 
numbers, 


F=F,=2" +1. 


It is known that F is prime if (and only if) 3/"+1 is 
divisible by F. The number 


K=3F1=3" 


is very large for quite moderate sized n. To calculate it we 
should need to calculate the first 2" terms of the sequence 


tbe. eee 


each obtained by squaring the preceding one. But, as 
before, we need only calculate the remainders after division 
by F. Hence we need never square a number larger than F 
and the labour of testing F for primality is about the same 
as that of testing an M of the same size by Lucas’s test. 





The first five values of F, namely 
F,=3, F,=5, F,=17, Fs=257, F,=65537 


are prime and Fermat thought that they were all prime. In 
1732 Euler, however, found that F; has the factor 641. This 
can easily be proved. Obviously 641=16+5‘=5-27+] 
and so 


2° =2%2=16 . 2%=(641 —5*) . 2°*=641 . 2°*—(5-2")' = 
=641 . 2°*—(641—1)'=641k—1 


for some integral k. Hence 641 divides F;=2** +1. 
In fact, no further prime F, has been found, but F,, has 
been proved composite for 


n=5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 18, 23, 36, 38, 39 


and for 14 larger values of n. The most interesting cases 
are F, and Fx, which the test shows to be composite but of 
which no factor is known. For all the other F,, known to be 
composite, a factor is known. 

It was at one time conjectured that the members of the 
sequence 


° 


a41, P41, 48, 244, 2" 41)... 
were all prime. This sequence is 
Fo, Fi, F 3, Fa, Fis, --- 


and the first four are prime. Only recently has Selfridge 
found a factor of F,,.=2°**+1 and so disproved this 
conjecture. 


FORMULAE FOR PRIMES 


A number of attempts have been made to construct a 
formula for p,, the n-th prime, or to find a function which 
always has prime values. It is not difficult to construct 
trivialities, for example, formulae for whose use to find p, 
one needs first to know the value of p, or recurrence 
formulae so complicated to use that the calculation of p», 
from the preceding primes involves many times the labour 
of constructing a table of primes up to p, by the Sieve 
of Eratosthenes. It is, of course, possible to wrap up 
these defects a little in an elaborate derivation of the 
formula (see, for example, Amer. Math. Monthly, 1951, 
vol. 58, pp. 616-18). But no usable formula has been found 
or is, probably, likely to be found. 





\, - 








FIG. 1. Sketch of a brig by the author. 


Recent scientific expeditions in the Antarctic in connexion 
with the International Geophysical Year have brought 
about a certain amount of public interest in that frozen 
continent. Less than 150 years ago the Antarctic con- 
tinent had never been sighted. The ancients had believed 
in the existence of a great southern land and had marked 
it vaguely on their charts and globes as “Terra Australis 
Incognito”, without any actual evidence to support the 
belief. Gradually, as more and more of the southern ocean 
was traversed by ships from Europe and only a few rocky 
islands were discovered, geographers began to doubt the 
existence of any great land mass in the far south. Then, 
in a comparatively few years at the beginning of the 19th 
century, the continent was sighted in widely different 
longitudes and its general shape established. Continuous 
discovery has since made clear the character of Antarctica 
and to a large extent its outline. Nevertheless, there are 
still large areas of the South Polar Chart that are blank 
spaces and which may turn out to be either land or water. 


FLAG FOLLOWS TRADE 


There used to be a saying that “Trade follows the Flag”. 
That the Flag follows Trade is no doubt equally true. 
Certainly a good many territorial discoveries all over the 
world were made in the pursuit of commerce, and this even 
applies to such unpromising areas as the great southern 
ocean. Many of the lonely islands and the coasts of the 
Antarctic continent itself were first sighted by small sailing- 
vessels while on sealing or whaling voyages. 

Their owners’ business was, of course, their main job; 


EARLY 
ANTARCTIC 
DISCOVERIES 
BY 
MERCHANTMEN 


COMMANDER 
C. H. WILLIAMS, R.N.R.(Retd.) 


discovery was a secondary consideration, but it was often 
encouraged by such enterprising owners as Enderby and 
Sons of London. (Enderby Land in Antarctica is named 
after them. Their wharf on Thames-side at Greenwich is 
still known as Enderby’s Wharf, though now in other 
hands.) Enderby’s little ships, brigs of 200 tons or so, and 
even smaller vessels, discovered Enderby Land, Graham 
Land, Kemp Land, the Biscoe Islands, and the Balleny 
Islands. Very little was known of the antarctic regions 
before the opening of the 19th century; in fact as late as 
1833 a published chart of the far south showed nothing of 
the continent except parts of Graham Land, south of Cape 
Horn, and a small portion of the coast called Enderby 
Land. The rest of the South Polar chart was blank and the 
existence of the great continent only a conjecture. 

The lonely islands of the southern ocean were the first to 
be discovered. In addition to the exploration work done by 
national expeditions such as those of Bouvet, Cook, Belling- 
hausen, d’Urville, and Wilkes, much was carried out by small 
merchant ships proceeding “upon their lawful occasions”. 

In 1799, Captain Rhodes of the British sealer Hills- 
borough made a rough chart of the east coast of Kerguelen 
Island. A few years later, in 1808, two of Enderby’s 
whalers, the Swan under Captain Lindsey, and the Otter 
under Captain Hopper, searched for and rediscovered 
Bouvet Island, thus verifying its existence, which had been 
in doubt, for it had seldom, if ever, been seen since it was 
first discovered in 1739 by Bouvet. Cook had searched for 
it in 1772 and 1775 without success, and so had others. 
Captain Hasselborough, in the British brig Perseverance, 
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in 1810, discovered Macquarie Island in lat. 54° 37’ S, 
long. 158° 54’ E. 


NEW SOUTH SHETLAND 


An important discovery was made in February 1819 by 
Captain Wm. Smith of the British trading brig Williams 
when bound round Cape Horn from Buenos Aires to 
Valparaiso. He stood well to the southward and sighted 
new land in lat. 62° 25’ S, long. 60° 05’ W. He named 
his discovery New South Shetland, and on his arrival at 
Valparaiso he reported it to the senior British naval officer 
there in command of H.M. frigate Andromache. This 
officer, realising the importance of the find, chartered the 
brig Williams on behalf of the British Government and 
sent the master of the frigate, Mr Edward Bransfield, R.N., 
with Smith to survey the new land, which he took posses- 
sion of for the Crown. In January 1820 they discovered 
more land in lat. 64° S, which they named Trinity Land 
(now the Trinity Peninsula). 

The news of the new land spread rapidly and soon many 
British and American sealers, who had since 1790 been 
working around the coasts of the Falklands and the islands 


around Cape Horn, were reaping a rich harvest on the 
newly found shores. Two American captains who were 
early on the scene were James Sheffield in the brig Hersilia 
and N. B. Palmer in the forty-ton cutter Hero. They and 
other sealers added much to the knowledge of the islands 
and anchorages. Captain Bellinghausen of the Imperial 
Russian Navy, on his circumpolar voyage in the Vostok, 
recorded meeting the American Captain Palmer at the 
South Shetlands in February 1821. Eighteen other sealers, 
British and American, were there at the time, including 
Smith in the brig Williams. 

In 1821-2 Captain George Powell in the British sealing 
sloop Dove discovered the islands known as the South 
Orkneys, which he claimed for the British crown. (These 
islands appear on some old English, French, and American 
charts as the Powell Islands. It seems that, in justice to 
the almost forgotten master mariner who discovered them, 
they should revert to that name.) 

The mate and ten men of the British sealer Lord 
Melville (Captain Clark) were the first people known to 
have spent a winter in the Antarctic, ashore at King George 
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(By courtesy of the Science Museum, London) 
FIG. 2, H.M.S. Fantome. A model of a 16-gun brig, 


showing the finer lines and steeper floors introduced by 
her designer, Sir William Symonds, 


WEDDELL’S VOYAGE 


Captain James Weddell, who had already made a 
voyage to the South Shetlands in 1821, sailed again for the 
far south in 1822 in the brig Jane in company with the 
cutter Beaufoy (Captain Brisbane), on what was to be a 
memorable voyage. In January 1823 they visited and 
partly surveyed the South Orkneys, then recently dis- 
covered by Powell. From there the two little ships pushed 
boldly to the southward and, after passing through great 
masses of pack ice and bergs, reached open water in lat. 
70° 26’ S. On February 20, 1823, Weddell reached his 
farthest south: lat. 74° 15’ S, long. 34° 17’ W, in clear 
weather, with no sign of land in any direction and only 
three bergs in sight. This was the farthest south that had 
then ever been attained and was not to be equalled in that 
longitude for nearly a century. Weddell’s voyage was a 
remarkable achievement. It must, of course, have been an 
unusually ice-free season, but such conditions do occur at 
times. 

An American, Captain B. Morrell, in command of the 
sealer Wasp, was apparently in the same area that year. 
After penetrating the pack, he reached open water, the 
same as Weddell had done, and he reached his highest 
latitude of 70° 14’ S in about long. 40° W. 

Mr J. Hoseason, mate of the sealer Sprightly (Captain 
E. Hughes), made a survey of Hughes Bay, Graham Land, 
in the season of 1824-5. 


BISCOE’S REMARKABLE DISCOVERIES 


Another sealing master, Captain John Biscoe, carried 
out one of the most remarkable and arduous voyages ever 
made in Antarctic waters. He left the Falklands in 
November 1830, in the brig Tula of 148 tons, in company 
with the cutter Lively (Captain Avery). They visited the 
South Sandwich Islands in search of seals, and then pro- 
ceeded to the eastward and southward, coasting along the 
ice edge in about lat. 59° S until on January 17, 1831, they 
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were able to steer to the south in long. 7° W. Ten days 
later, in lat. 66° 16° S, long. 0° 24’ W, and in open water, 
they saw the appearance of distant land. (This was evi- 
dently the part of Antarctica now known as Queen Maud 
Land.) Biscoe stood to the southward until again stopped 
by field ice which he coasted along to the east. Land was 
again sighted in long. 47° 20’ E, and it was named 
Enderby’s Land by Biscoe, after the owners of the vessels. 
By then it was late in the season, and as gales and ice 
prevented them from closing the land, they proceeded to 
Tasmania to refit. Biscoe had then traversed about 180° of 
longitude in the far south, mainly in uncharted waters and 
about half of it south of lat. 60°, and had discovered what 
we now know to be parts of the great Antarctic continent. 
They sailed again in October 1831 and, after visiting the 
coasts of New Zealand and Chatham and Bounty Islands 
in search of seals, they again stood to the south-eastward 
to look for the Nimrod Islands. They could not find them, 
and the islands (after being on the charts for over a 
hundred years) are now known to be non-existent. Stand- 
ing to the southward they encountered ice in lat. 65° 32’ S, 
and then continued their voyage to the eastward. On 
February 15, 1832, when in lat. 67° S, long. 71° 48’ W, 
distant land was sighted bearing ESE. Next day they were 
within three miles of it. Biscoe named his new discovery 
Queen Adelaide Island and took formal possession of it 
in the name of King William IV. The group is now known 
as Biscoe’s Islands. Biscoe called at the South Shetlands 
for seals, and on February 29, 1832, arrived at the Falk- 
lands, which he had left in November 1830. He had 
completed a most remarkable voyage, circumnavigating the 
globe mainly in high southern latitudes and making two 
important discoveries of land at a great distance one from 
the other. Much had been added to geographical know- 
ledge. He and his crews had suffered considerable hardship 
and danger. 

Captain Samuel Harvey, in the British sealer and whaler 
Venus, visited Macquarie Island in 1830 and then pushed 
south as far as lat. 72° in the Ross Sea, the farthest south 
reached in that area at the time. 

In 1833 Captain Peter Kemp, in one of Enderby’s sealing 
brigs, the Magnet, after a call at Kerguelen, reported sight- 
ing land in about lat. 66° 36’ S, long. 59° 08’ E. This was 
part of the Antarctic continent and is known as Kemp Land. 
On his way south he had also sighted land in about 52° S. 
This was probably the land later known as Heard Island. 


BALLENY FINDS MORE LAND 


Another notable master mariner-explorer was Captain 
John Balleny. He sailed from London in July 1838 qn a 
sealing venture to the far south in the schooner Eliza Scott 
(154 tons) in company with the cutter Sabrina (Captain 
Freeman). The vessels were owned by “Enderby and 
others”. After calling at New Zealand the two little ships 
steered to the southward in search of seals. The owners had 
instructed Balleny to push south in the hope of discovering 
new land (and, of course, seals). Balleny discovered several 
islands in lat. 66° 44’ S, long. 176° 20’ E, and saw the 
appearance of high land to the southward. He named the 
islands after the partners with Enderby in the venture. A 
12,000-ft. high mountain on Young Island was named after 
Captain Freeman of the Sabrina. Proceeding westwards in 
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(From a drawing by J. Ward of Hull, about 1840, now in the Print Room of the National Maritime Museum, Greenwich) 
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FIG. 3. Brig, 223 tons, about 90 ft. long. 


about lat. 64° S, they encountered much ice and poor 
visibility. On March 2, 1839, the water suddenly became 
smooth, so sail was shortened and the vessels lay to. The 
weather clearing next day, they found they were sur- 
rounded by bergs with fast ice to the southward and every 
appearance of land beyond it. The position was 65° 10’ S, 
117° 04’ E. This appearance of land is shown on the South 
Polar Chart as Sabrina Land, named after the little cutter. 
They later experienced a very severe gale, in which 
Balleny’s ship was damaged and nearly lost. Freeman’s 
little cutter Sabrina was never heard of again; she was only 
54 tons. 

Balleny arrived back in the London river in September 
1839. His voyage had filled in a gap of about 80 degrees 
of longitude south of the 60th parallel which had not pre- 
viously been sailed over by any navigator, and he estab- 
lished a fact of considerable importance to geography: the 
existence of land within the Antarctic Circle south of New 
Zealand. This, together with the other discoveries made 
by sealers, indicated the probable existence of the great 
Antarctic continent. 

An American sealer, under Captain W. G. Smiley, did 
a certain amount of exploration in the islands and harbours 
of the Palmer archipelago in 1842. Unfortunately, like 
many of these early sealers and whalers, he left very few 
and imperfect records. 


In 1853 Captain J. J. Heard, in the American merchant 
ship Oriental, discovered the island which bears his name. 
It lies in lat. 53° 10’ S, long. 73° 35’ E. As mentioned 
above, this may have been the island sighted in 1833 by 
Captain Kemp in the Magnet. MacDonald Island, a few 
miles to the west of Heard Island, was discovered in 1854 
by Captain MacDonald in the British ship Samarang. 


THE LITTLE BRIGS 


Some early discoveries of islands and coasts were no 
doubt kept secret at the time for business reasons. Sealers 
and whalers were hunters in keen competition with many 
others and their livelihood depended on their making a 
good “voyage”. Strangers were not welcome on any newly 
found rich hunting-grounds. 

It will be noted that most of the vessels mentioned above 
were brigs, a rig that was very popular in the late 18th and 
early 19th centuries. Many people, including the writer, 
regard the rig as the neatest of all the square-rigged vessels. 
Enderby’s little brigs would have been something like the 
one shown in the above drawings, and were, as a rule, 
only about 200 tons or less. When one considers the vast 
areas of largely uncharted ocean traversed by these stout 
little craft, and the severe hardships endured by their crews, 
we must surely remember them with admiration. The sum 
of their efforts showed us the main outlines of Antarctica. 
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A special report to the U.S. Academy of Sciences in May, on the two 
Explorer satellite experiments, revealed that an unexpected and un- 
identified region of intense radiation was found 600 miles above the 


Earth. 


The Geiger counters gave 35 counts per second at 500 miles 


above southern California, and 35,000 at 1000 miles above South 


America. 


The radiation is presumed to be either solar X-radiation or 


possibly atomic particles from the the Sun (free electrons and protons). 
Apparatus able to discriminate between these types of radiation has 
already been prepared and will be flown in the next Explorer launched. 


First IGY Skylark Firing 

The first fully instrumented British 
Skylark rocket of the scheduled IGY 
firings took place from the Woomera 
range in Australia on April 18, and was 
reported successful. It rose 90 miles high 
and came down 60 miles away from the 
launching site. Three experiments instru- 
mented by British university groups in 
conjunction with the Royal Society were 
carried out (see IGY Notes, Discovery, 
1957, vol. 18, No. 5). These were the 
grenade experiment for determining air 
temperature and horizontal and vertical 
wind-speed; the measurement of wind- 
speed and direction using aluminium foil 
“window” scattered from the rocket and 
tracked by radar, and the University of 
Birmingham insulated cone ionospheric 








experiment for determining electron 
densities. Eighteen grenades were ex- 
ploded at intervals between 100,000 and 
330,000 ft. for the first experiment. Four- 
teen cartridges of “window” were released 
as two separate clouds, one at 140,000 ft. 
and the other at 234,000 ft. for high-level 
wind experiment, and the ionospheric 
experiment measured electron densities as 
the rocket entered the ionosphere at about 
300,000 ft. In addition, Pirani atmo- 
spheric pressure gauges were in use. The 
results of analysis of the records is not 
expected for some time. Several more 


IGY flights using Skylark rockets are 
scheduled from Woomera in the coming 
months. 

In addition to the various experiments, 
designed by British university groups for 








flying in Skylark and described at the 
beginning of the IGY, two further experi- 
ments (on geomagnetism) are now jin 
view. The Royal Aircraft Establishment 
has developed a flux-gate magnetometer 
for use in rockets to measure the local 
field at height from the standard Kelvin 
Hughes shop’s instrument. A group at- 
Imperial College under Dr S. H. Hall is 
developing a proton precession magneto- 
meter which it is hoped to fly in Skylark 
from Woomera in December. The first 
investigation with this instrument will be 
of magnetic-field magnitude in the current 
system of the ionospheric E layer (about 
100-120 km. up). It will be of interest to 
compare a noon flight, when the “s.q. 
effect” is at maximum, with a night flight, 
when it is at minimum, at this latitude. It 
may also be possible to fix with more pre- 
cision the position of the focus of the 
Southern Hemisphere ionospheric cur- 
rents which are thought to be centred at 
some seasons of the year over Australia. 


14 Tons Go 294 Miles Up 
On February 21, the Soviet Union 
succeeded in sending a_ single-stage 
“geophysical” rocket with a payload of 
1520 kg. to a height of 473 km. (The 
instrument container, it is specifically 
stated, is included in payload weight.) 
Soviet sources indicate that the rocket is 
of the same, liquid-fuelled, type as that 
which in May 1957 carried 2200 kg. of 
payload (including animals) to 212 km. 
The February rocket was fired nearly 
vertically from a site in “the middle lati- 
tudes of the European part of the 
U.S.S.R.”. Apparently at least a part of 
the rocket returned intact to earth, for 
some of the data is stated to have been 
tape-recorded during flight for detailed 
study on recovery. The rocket was 
stabilised throughout both its powered 
and inertial flight to prevent it from 
rotating round either vertical or hori- 
zontal axes. 

The following instruments were carried 
in the rocket: 


(1) an ultra-short-wave dispersion radio- 
interferometer for measuring the free 
electron concentration in the ionosphere; 


The first rockets ever to be fired in the 
Antarctic. At the beginning of last Antarctic 
season a series of Rockoons—12-ft. Hawk 
rockets raised to firing position at 20 miles 
high by large plastic balloons—were released 
from the deck of the U.S. icebreaker Glacier 
off the Antarctic coast. The programme was 
carried out by Dr J. Van Allen and his group 
from the State University of lowa and was 
directed to the study of geomagnetism and 
the aurora. It was complementary to a series 
of similar rocket flights in the Arctic and on 
the equator that Dr Van Allen had already 
completed. Picture — a launching from 
Glacier on November 5, 1957. 


Photo by courtesy of the U.S. Navy 
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(2) radio-frequency mass-spectrometer 
for measuring the ion composition of the 
atmosphere; 

(3) measuring instruments for deter- 
mining the concentration of positive ions; 

(4) electron-temperature-measuring in- 
strument; 

(5) ionisation and magnetic gauges for 
measuring atmospheric pressure; 

(6) barium-titanate microphone detec- 
tor for micrometeorite collisions; 

(7) solar spectrograph for registering 
ultra-violet light. 


Results: (1) At the peak of trajectory, 
about 470 km. (290 miles) up, electron 
concentration was found to be | million 
electrons per cubic centimetre—only 
slightly less than ionisation of the F layer. 
This, it is pointed out, diverges sharply 
from the electron density recorded at the 
peak of trajectory of the record-breaking 
American V2-WAC-Corporal flight from 
White Sands in 1949 (which, until this 
Russian flight, held the record for a 
ground-launched sounding rocket). The 
American rocket reached nearly 250 miles 
high and at the top of its climb the 
electron density recorded was negligible. 
Now, about 100 km. higher, the Russians 
find nearly a million times the density. 
They comment that, with respect to time 
of day, time of year, and phase of the 
solar cycle, the two measurements are 
comparable—though perhaps it should be 
added that their latitudes are not. The 
Russians are assuming there is substantial 
diffusion of charged particles upwards 
from the F layer of the ionosphere to 
account for this unexpectedly high 
electron density. 

(2) The limit of the rocket’s trajectory 
(470 km.) provided the upper limit of this 
experiment also. It was found that be- 
tween 105 and 206 km., ions (presumably 
of nitrogen oxide) with a mass number of 
30, prevailed; while at the higher levels of 
the flight, ions with a mass number of 16 
(presumed to be those of elemental 
oxygen) were also recorded. 

(5) The upper limit of the atmospheric 
pressure experiment was 260 km. Up to 
this height, on both ascent and descent, 
the ionising and magnetic manometers 
used recorded a pressure equal to one 10- 
millionth of a millimetre of the mercury 
column. 

(6) The upper limit of the micro- 
meteorite experiment was 300 km. Be- 
tween 125 and 250 km. high, 44 collisions 
per sq. m. of surface were registered; and 
between 250 and 300 km., 9 collisions is 
the value given. The total count recorded 
by the rocket up to 300 km. was 268 
collisions, 

Results of other experiments have not 
yet been made public. 
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Sputnik HI 


On May 15 the Soviet Union launched 
Sputnik III, weighing well over a ton, to 
a height of between 150 and 1175 miles. 
The carrier rocket also went into orbit. 
So far as is known, no animal was carried 
and the payload consisted entirely of 
instruments. A solar battery, a model of 
which is being shown at the Russian 
Pavilion at Brussels, and telemetering 
equipment made up the instrumentation. 


Sputnik Showed 50%, Cosmic Ray Burst 


During the spring, A. V. Topchiev, chief 
scientific secretary to the Soviet Academy 
of Sciences made a preliminary report to 
the Academy on results derived from the 
Sputnik experiments. Extracts from this 
report were published in an English- 
language publication brought out in 
London under the auspices of the Soviet 
Embassy, Soviet Weekly, and from which 
Wwe quote: 


“Records taken of the first Sputnik’s 
signals at six stations on October 5, 6, 
and 7 were analysed by the B.E.S.M. 
electronic computer, The results indi- 
cated that from a height of 1250 to 1850 
miles upward, density of neutral par- 
ticles approached that of interstellar 
gas. 


This must be an extrapolated value, 
since Sputnik I at no time approached 
anywhere near 1250 miles high; official 
figures of the initial orbit give 560 miles 
as the height of apogee. 


“Valuable new information was ob- 
tained from Sputnik II on both the 
distribution and intensity of cosmic 
rays. Between the heights of 140 and 
400 miles, there was a 40% increase in 
cosmic-ray intensity, conditioned in the 
main by the weakening at great alti- 
tudes of the effect of the Earth’s mag- 
netic field. Analysis of the number of 
cosmic-ray particles at different lati- 
tudes and longitudes showed that lines 
of equivalent cosmic-ray intensity do 
not coincide with the geomagnetic 
parallels (at the Earth’s surface). 

“Variations in cosmic-ray intensity 
are apparently connected with the state 
of the interplanetary medium in the 
Earth’s neighbourhood. One case of a 
sharp 50% increase in the number of 
cosmic-radiation particles was regis- 
tered. The fact that both measuring 
devices [Geiger counters at right angles 
to each other] recorded in harmony 
precludes any likely explanation of this 
occurrence being due to faults in the 
apparatus; at this time ground stations 
did not detect any substantial increase 
in intensity. 

“It is possible [says the account] that 





U.S. rocket-nose cone with a biaxial- 

pointing control which automatically 

maintains the entrance slit of a spectro- 

graph pointed at the sun, irrespective 
of rocket’s flight position. 


this was due to solar generation of 
cosmic rays of very low energies which 
are heavily absorbed by the Earth’s 
atmosphere.” 


As Sputnik II ceased transmission after 
five days, the cosmic-ray data sampled 
must relate to the period November 3-8. 
Some additional information is given 
about the reactions of the dog passenger 
during the rocket flight before the last 
stage was released into orbit. Heart con- 
tractions were three times quicker than 
normal, immediately after take-off, but 
later, when the dog had apparently be- 
come accustomed to the accelerating 
motion, the heart-beats slowed again even 
though the degree of acceleration was 
considerably greater than at first. “As the 
apparent weight of the animal’s body 
increased, breathing became more super- 
ficial and rapid,” until it was three or four 
times faster than at the altitude at which 
the effects of acceleration began to be 
felt. 

Other rather generalised information 
adds up to the conclusion already given 
that the animal stood up satisfactorily to 
the rocket flight and also to orbiting con- 
ditions where it would have been in the 
condition of weightlessness; this seemed 
to affect it less than the sensations of 
take-off. 





Vanguard I up for 200 Years 


The American satellite, Vanguard I, will 
still be in orbit when our great-great- 
great-great-great-grandchildren are born. 
This fact was stated on April 19 by Dr 
John P. Hagen, director of Project 
Vanguard. 

The estimate is based on U.S. observa- 
tions of the satellite’s behaviour during its 
first five weeks of life. These show that at 
the heights between 400 and nearly 3000 
miles at which Vanguard is travelling 
“drag” is, by sputnik standards, negligible, 
and the satellite has in this period hardly 
slowed down at all. 

For the present and perhaps for several 
years Vanguard I will also be in radio 
contact with Earth. Its low-power trans- 
mitter is powered by solar cells which 
will operate during the sunlit section of 
each orbit until several of them are 
knocked out by direct hits from micro- 
meteorites. 

But for most of its double century 
Vanguard I will be out of sight and sound 
of mankind as a whole. It will certainly 
be lost and its end unknown unless scien- 
tists from generation to generation retain 
enough interest to maintain the continuity 
of observations. 

This would probably be worthwhile, 
for, in 200 years’ time a mere Earth satel- 
lite and of such tiny dimensions will be 
quite a curiosity. 


Successful Season at Fort Churchill Ends 


The first season of U.S. rocket firings 
from the Canadian range at Fort 
Churchill, which ended in mid-April, was 
reported as “highly successful”. Some 
forty rockets, mostly Aerobees and Nike 
combinations, have been launched from 
Fort Churchill since the season opened, at 
the beginning of July last. The next series 
of IGY firings starts this month (June). 

Among the last rockets to be fired this 
spring were two Nike-Cajuns, which for 
the first time carried cameras, presumably 
for photographing cloud-cover. Both 
rockets rose 80 miles high, where the 
nose-cones were blown off and then 
floated to earth by parachute. During the 
parachute descent the cameras took pic- 
tures at the rate of two exposures a 
second. “Sarah” locating devices housed 
in the nose-cones signalled the position so 
that on landing the cones with their 
instrument could be retrieved by heli- 
copter. 


Antarctic Bottom Water 2000 Years Old? 


A letter recently published in Nature 
reports work done on deep-water samples 
off Antarctica by two New Zealand 


oceanographers and suggests that bottom 
water in this area may be as much as 
2000 years old or more and therefore that 
the period of circulation of the layers of 
water in the Southern Ocean may have to 
be measured in tens of thousands of 
years. 

The model of water-mixing off Antarc- 
tica which has been confirmed by a 
number of oceanographical expeditions is 
as follows: the bulk of the “melt” from 
the ice-covered continent appears to enter 
the sea at the southwest corner of the 
Weddell Sea; thence a relatively thin 
layer of the cold melt water (with low 
saline content) spreads over the ocean 
surface in a_ generally northeastern 
direction. Beneath this, a layer of saltier 
ocean water flows southwards from the 
warmer latitudes; it is to below this again 
that the bulk of the dense melt water 
sinks and virtually settles on the bottom 
though with a gradual general movement 
in the same direction as the surface layer, 
northeast. Consequently, bottom water 
in the southern ocean between New Zea- 
land and Antarctica (where these observa- 
tions were made) has travelled two or 
three thousand miles from the Weddell 
Sea. Carbon-14 dating of the samples 
indicates that the water has been out of 
reach of cosmic rays for between 1900 
and 2540 years—in other words that this 
bottom water has travelled at only a mile 
a year instead of at a speed of a mile a 
day, the value usually assumed for deep 
ocean movement. 


Spitsbergen Rising from the Sea Faster 


Preliminary results of the Polish expedi- 
tion to southern Spitsbergen reveal that 
this part of the island group is rising out 
of the sea by 2-3 cm. annually at the 
present time. This represents a substan- 
tial increase on the rate at which the 
whole archipelago is known to have been 
rising over the past thousands of years 
due to isostatic movement resulting from 
the retreat of the Scandinavian icecap. 
The speed-up of the land’s rise round 
Hornsund Fjord, at the extreme south of 
Vestspitsbergen, where the Poles are 
working, is attributed to the increased rate 
of melting of the icecap and glaciers of 
this, the largest island of the group. 

The expedition’s geological group has 
been at work in the Hornsund Fjord area 
since last July and is expected to have 
completed its investigations by September 
1958. In relation to the isostatic motion 
of the land, attention is concentrated on 
the coastal terraces which surround 
almost all the islands in the archipelago. 
The highest of these are around Isfjord, 
where they rise to about 90 m.; at Horn- 
sund Fjord they reach 40 m. Embedded 
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in these coastal terraces are strata of 
marine crustacea and snails that once lay 
on the sea-bed and so provide evidence 
for the rise of the land from beneath the 
sea, dating from the begining of the Holo- 
cene period, some 9000 years ago. From 
the evidence of the strata the rate of the 
isostatic movement in the past 9000 years 
proves to average about I cm. a year for 
the central part of the Spitsbergen archi- 
pelago and about 0-4 cm. for the southern 
area, the centre of operations of the 
Polish party. 

To compare the rate of rise over recent 
years with this long-term average, the 
geologists have made geodetic measure- 
ments based on the trigonometric grid 
established by the 1934 Polish expedition 
to Spitsbergen. The results of the work 
are not yet complete, but an interim 
report by K. Birkenmajer in Problemy, 
vol. 14, February 1958, describes calcula- 
tions made on the basis of the position of 
whale-bones cast on the shore by British 
and Dutch whaling parties between 1611 
and 1640. 

The period can be fixed precisely be- 
cause after 1640 the supplies of Greenland 
whales in the fjords were exhausted and 
offshore fishing ceased. (In the latter part 
of the 17th century larger vessels were 
used and the whales were cut up at sea; 
in the 18th and 19th centuries whaling off 
the archipelago declined altogether.) The 
bones cast on the shore now lie at 5 to 
8 m. above sea-level and in some places 
as much as a kilometre inland, and thus 
afford a rough guide to the rate of the 
land’s rise since 1640; the rise for southern 
Spitsbergen is reckoned at 2:3 cm. a year 
on this basis. 

The figure greatly exceeds the 0-4 cm. 
a year average computed for the overall 
9000-year period and it would appear that 
the acceleration of rise is connected with 
the movement of the ice on Spitsbergen. 
Vestspitsbergen is today almost three- 
quarters covered by ice with an average 
thickness of 500 m. The ice thickness has 
greatly shrunk in the past few centuries 
and some of the glaciers feeding into 
Hornsund Fjord are retreating annually 
by several hundred metres. Had this rate 
of retreat been maintained through the 
past 9000 years, Spitsbergen would long 
ago have been entirely free of ice. It may 
be supposed, therefore, that about 2500 
years ago Spitsbergen experienced a 
minor advance of glaciation, which, as it 
progressed, took up from the sea-floor the 
remains of the Holocene marine fauna 
deposited upon it between 3500 and 6000 
years ago, to cast it on the shore later as 
moraine. Polish scientists, in their report, 
correlate the present rapid thawing of the 
Spitsbergen ice with the increasingly rapid 
isostatic rise of the land observed. 
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A History of Technology, Vol. 3 

Edited by C. Singer, E. J. Holmyard, 
A. R. Hall, and T. 1. Williams, “From the 
Renaissance to the Industrial Revolution, 
c. 1500-c. 1750” (Clarendon Press: Oxford 
University Press, 1957, xxxvit+776 pp., 32 
plates; also 426 figures in the text, £8 8s.) 
The appearance of the third volume of 
this epoch-making series, which is thus 
more than half-way towards its comple- 
tion, provides a suitable occasion for a 
reassessment of its aims in the light of 
what has so far been achieved. In the 
Preface to the‘ first volume it was stated 
that “the main object of this work is to 
provide students of technology and 
applied science with some humane and 
historical background for their studies. . . . 
The work is intended for continuous read- 
ing, being designed as a course of study.” 
Taken literally, this is, of course, merely 
Utopian. How many students of Colleges 
of Advanced Technology will be able and 
ready to spend over forty pounds on a 
textbook? How many of those who 
design their courses will be able to allo- 
cate the time necessary for them to read, 
let alone “study”, 4000 pages in a depart- 
ment which, on the most optimistic esti- 
mate, can never be more than a small part 
of their studies? Such a criterion, for 
which at the time there may have been 
raisons d'état, must not therefore be 
applied too rigidly; any assessment of the 
work must nevertheless be made in the 
light of the expressed intention. 

In deciding to design the whole work 
for continuous reading, the editors were 
faced with problems of chronology which 
could have been avoided in a work based 
on a series of independent essays. This 
they clearly recognised, for, in the Preface 
to Vol. 2, they drew the reader's attention 
to the “looseness of the chronological 
framework of these volumes. . . . There is 
no way by which the different branches 
of technology can be fitted into a chrono- 
logical series of a type familiar in the 
political histories of nations and empires.” 
Unfortunately, as the reviewer believes, 
they have not resisted the temptation to 
attach to the second and third volumes 
labels drawn from the chronology they 
reject. Thus, just at the time that his- 
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torians, in the wider sense, had come to 
recognise the importance of the Celtic 
factor in “Roman” Britain, Vol. 2 was 
lcbelled “The Mediterranean Civiliza- 
tions”. Worse follows in Vol. 3, which 
is described as “from the Renaissance to 
the Industrial Revolution, c. 1500—c. 1750”. 
The editors are, of course, aware of the 
misleading and ambiguous nature of these 
terms: it is a pity that they have by this 
(superfluous) descriptive title encouraged 
the confusion already only too often act- 
ing as a bar to historical understanding in 
the minds of those whom they seek to 
enlighten. Moreover, in the volume under 
review the inconveniences of such titles 
also take on a purely pragmatic character, 
especially for those numerous readers for 
whom limitation of time or special inter- 
ests dictate a selective use of the whole 
work. Such readers may easily be misled 
by these blanket titles, and the correctives 
provided in the Prefaces appear only a 
tergo. Thus, anyone wishing to learn 
about maps and navigation in the “Medi- 
terranean Civilisations” would find no 
reference to them in the index of Vol. 2; 
the explanation of this apparently stagger- 
ing omission appears in the Preface to 
Vol. 3, in which the omission is later 
made good in the compass of 18 pages. 
Further instances will be indicated in 
reviewing the topics which are discussed 
in the latter volume. Of these the follow- 
ing are in varying degrees continuations 
of accounts appearing in Vol. 2: Food 
and Drink; Metallurgy; Textiles; Trades- 
mens’ Tools; Building Construction; Land 
Drainage; Machines; War Technology; 
Bridges; Canals and Inland Navigation; 
and Shipbuilding. In the case of 
Machines and of Land Drainage there is 
some perhaps avoidable overlapping. To 
find the origins of Tradesmens’ Tools the 
reader will have to look under the title 
The Medieval Artisan in Vol. 2. Wind- 
mills, described in a masterly but perhaps 
too detailed manner, have already been 
put in their historical context in an ade- 
quate appendix to the article on Power in 
Vol. 2. Those subjects of which a com- 
prehensive account appears for the first 
time in Vol. 3 are: Coal Mining; Printing; 
Town Planning; Cartography, Survey and 
Navigation; the Calendar; Precision 
Instruments; Manufacture of Scientific 
Instruments; and Mechanical Time- 
keepers. In all these, except the first two, 
the account covers the history of the 
device or technique from its origins in the 
classical period of Greece and Rome; and, 
in the case of the Calendar, even from 
Babylonia. There is, of course, much to 
be said for the continuous treatment of 


certain topics: the reviewer has indeed 
nothing but praise for the clarity and 
balance with which the problems of 
exposition have been solved by the 
authors concerned: it is only in relation to 
the whole plan that the question arises as 
to why these particular topics were singled 
out for such treatment. Similar considera- 
tions apply to the last topic dealt with, 
Invention in Chemical Industries, which, 
though interesting and informative in 
itself, involves some repetition of the 
earlier chapters on Metallurgy, Assaying, 
and Glass. The whole question of 
“chemistry” and its integration in the 
early history of technology, however, 
bristles with problems which were hardly 
resolved with its incursion into Vol. 2. 
Of the individual contributions to Vol. 
3, no “review” in the customary sense is 
possible; each is written by an expert and 
could be profitably reviewed only by 
another specialist in the same field. Here 
and there one lights upon statements 
which might be questioned: the dates and 
names of Popes have certainly got mixed 
up in Town Planning; the “Saros” (p. 567) 
should not be accepted without previous 
reference to Neugebauer (Exact Sciences 
in Antiquity, 1957, p. 141), nor the use of 
the “Nonius” by Tycho Brahe (p. 640) 
without reference to Dreyer’s Life of the 
latter (p. 329). And a battle, in which 
over 100,000 are estimated to have taken 
part and over 30,000 to have been buried 
thereafter, was rather more than a 
“skirmish” (p. 349). Of the production as 
a whole, it can be said that it is a model 
of planning and typographical excellence, 
executed in an astonishingly short time. 
It should be emphasised that this notice 
is written from the point of view of one 
whose concern is almost wholly with 
“pure” science and the history of ideas. 
For him, few pages could be turned with- 
out the necessity to note down some signi- 
ficant fact previously unknown to him. 
And not facts only; for despite the 
editorial disclaimer that the work is not 
concerned with social and economic reper- 
cussions, sociological interpretation keeps 
on “breaking in”, invigorating the record 
and bringing home relationships likely to 
be overlooked by the general reader. 
Nothing could be more salutary than the 
documentation of the suspicion -that not 
once nor twice in the development of 
industries, the “contributions” of scien- 
tists, though relevant, were in fact without 
influence. Also of the complementary 
truth that technical advances (such as 
Drebbel’s “thermostatic” furnaces and 
heat exchangers) became effective only in 
an appropriate technological atmosphere 
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engendered by advances in scientific 
understanding. 

All of which prompts the question, 
whether it is to students of technology 
that this admirable work should be 
primarily addressed, but rather to “pure” 
scientists, many of whom (some would be 
the first to admit it) stand in at least as 
great a need of being “humanised”? And 
what more appropriate introduction than 
the “course of study” so admirably pre- 
sented in these noble volumes? 

It remains only to record our gratitude 
to Imperial Chemical Industries Ltd, 
whose continued financial support and 
interest have given life and substance to 
this great enterprise. |W. P. D. WIGHTMAN 


L. J. M. Daguerre: The History of the 
Diorama and the Daguerreotype 
By Helmut and Alison Gernsheim (Lon- 
don, Secker and Warburg, 1956, xx+216 
pp., 45s.) 
Helmut and Alison Gernsheim have 
already written extensively, and expertly, 
on a variety of subjects related to photo- 
graphy, and without doubt are the fore- 
most historians of photography at the 
present time. Their “History of Photo- 
graphy” has already been reviewed in 
Discovery, but unlike that work, their 
biography of Daguerre has a more 
universal appeal and may be read and 
enjoyed by anyone whose interest in 
photography goes no further than the 
holiday snap. This is not to imply that 
the book under review is in any way less 
erudite than their “History”. Both works 
are based on a vast amount of original 
research, and although the one comple- 
ments the other, the book on Daguerre is 
naturally less confined to the specialist. 
The first part deals with Daguerre’s 
work for the Diorama, of which he was 
co-inventor with Charles Marie Bouton, 
and if this section appears the more 
interesting, it is largely because it is less 
familiar than the story of the Daguerreo- 
type which follows. Also, it is entirely 
left to the imagination to conjure up the 
magical effect which the Diorama must 
have provoked for, alas, it has dis- 
appeared for ever, whereas examples of 





CAMBRIDGE 
BOOKS 


SIR GEOFFREY 
TAYLOR 
























for Radioactive 
Tracers 





& F. A. POTTS 


thoroughly revised by 










Muscular 
Contraction 
G. HOYLE 












Scientific Papers, I 






Volume I, the first of four, 
contains Sir Geoffrey Ingram 
Taylor’s scientific papers on the 
mechanics of solids, some of 
them made generally available 
for the first time. The volumes 
are edited by Dr G. K. 
Batchelor. 75s. net 





Safety Techniques 


J. C. BOURSNELL 


A clear and concise working 
guide to the precautions to be 
taken in laboratories where 
radioactive tracer materials are 
used, with particular reference 
to biological work. 7s. 6d. net 


| The Invertebrata 
L. A. BORRADAILE 


A new edition of the standard 
manual of invertebrate zoology 








G. A. Kerkut and Professor 
L. E. S. Eastham, with a new 
chapter On zoological literature. 
THIRD EDITION. 555. net 












a different character could be performed, 
a street-scene be made to dissolve into the 
interior of a circus, and so forth. A 
similar effect was later adapted to the 
lenticular stereoscope, and it is rather 
surprising that the Gernsheims omit this 
from their book. 

What eventually prevented any revival 
of the Diorama as a form of public enter- 
tainment was the introduction of “dissolv- 
ing views” in the magic lantern. All kinds 
of similar effects could be much more 
simply devised, including many mechani- 
cal movements impossible to perform in 
the Diorama. Gone too was the necessity 
for a special building and all the para- 
phernalia that went with it. Had not the 
conflagration which consumed the old 
Diorama of Daguerre put an end to the 
enterprise, the magic lantern was bound 
to do so a little later. It was the genius of 
the man that he already had his mind set 
on other things. Something which, in fact, 
was to bring him lasting fame—the cap- 
turing of the fleeting images of the camera 
obscura. The greater part of the book 
deals with the struggles and success in 
achieving this aim, and an exciting and 
heroic story it proves to be. 

The Daguerreotype, the first practical 
process of photography, was made public 
on August 19, 1839, and in a very short 
while was being practised throughout the 
world. The image was retained on a 
sensitised silvered copper plate and its 
mirror-like surface made it necessary to 
view the picture at a certain angle. It was 
a direct positive process which did not 
permit a negative being made and conse- 
quently each picture remained unique. It 
rendered, however, a fine degree of detail. 
The Gernsheims have recorded the work 
of the leading exponents of the method in 
various countries and rescued from obli- 
vion many fine examples of their work 
which have been cleverly reproduced in 
the book. The improvements effected in 
the process by different inventors have 
not been neglected and there is even a 
section on the preservation of Daguerreo- 
types which should prove of great value 
to those still possessing these unique 
images of the past. 











The value of the book is further en- 
hanced by the appendix, which includes a 
complete list of Daguerre’s works and 
a bibliography of his instruction manuals 
compiled by Beaumont Newhall, curator 
of George Eastman House. There are, 


A survey of the comparative 
physiology of the nervous con- 
trol of muscular contraction, 
which will be of particular in- 
terest to teachers and advanced 
students of zoology, physiology 


the Daguerreotype are still to be seen. 
Nevertheless, something of its nature may 
perhaps be glimpsed in a Victorian toy 
which appeared in France under the name 
of “Polyorama Panoptique”, of which a 
few examples still exist. It took the form 








dasa icO 


of a small box with flaps opening at top 
and rear, and in which a Paris scene 
could be viewed by day and magically 
transformed to the same scene by night, 
first by allowing the light to fall on the 
face of the picture and then by transmit- 
ting it through the back, simply by alter- 
nately opening and closing the flaps or 
shutters. Also, transformation scenes of 
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too, over one hundred illustrations per- 
tinent to the text. J. BARNES 
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By J. J. Katz and G. T. Seaborg (London, 
Methuen & Co. Ltd, 1957, xv+508 pp., 
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In spite of the enormous amount of work 
on the chemistry of the heaviest elements 








A WONDERFUL MONEY-SAVING OPPORTUNITY 









“teas 


FULL LENGTH 
FULL SIZE! 





ALL THESE 
GREAT TITLES 


Recent and forthcoming 
selections include: 


AFFABLE SAVAGES 
by Francis Huxley 
Published at 25s. 
4s. TO MEMBERS 
* 
SCIENCE UNFOLDS 
THE FUTURE 
by J. G. Crowther 
Published at 18s. 
4s. TO MEMBERS 
* 
ATOM HARVEST 
by Leonard Bertin 
Published at 20s. 
4s. TO MEMBERS 
* 

THE MEN BEHIND 
THE SPACE ROCKETS 
by Heinz Gartmann 

Published at 21s. 
4s. TO MEMBERS 
* 
THE CHANGING 
UNIVERSE 
by John Pfeiffer 
Published at 18s. 
4s. TO MEMBERS 
* 


THE LIVING SEA 
by John Crompton 
Published at 15s. 
4s. TO MEMBERS 











The Scientific Book Club 


owned and controlled by Foyles, 


the world-famous booksellers. 


FOR EVERY READER OF DISCOVERY! 





Now’s the time to join the FREE GIFT 


THIS HANDSOME 


Scientific MAGAZINE 
Book Club | ,..““*.... 


Newspaper Rack (handsome white 
121 CHARING CROSS RD., LONDON, W.C.2 enamel finish with gay scarlet feet) 
free if you enrol a friend in the club. 
Send your friend’s name and address 
with 5s. (4s. plus 1s. for postage), 
for the first book, mentioning this 


A FIRST-CLASS SCIENTIFIC offer and 
your Maga- 


BOOK EVERY MONTH FOR zine Rack 


ONLY 4/- |*"_ 


to you. 
Here is a wonderful money-saving opportunity for every reader of Discovery! Each 
month, the Scientific Book Club brings to its members the fascinating story of the march 
of modern science, told in thoroughly dependable books by the front-rank scientific writers 
of our time—vivid, vital, constructive contributions to Man’s unceasing struggle to solve 
the problems of the Universe. 

And although the ordinary editions of these books are sold to the general public at 
12s. 6d., 15s., or more, THE PRICE TO MEMBERS OF THE 
SCIENTIFIC BOOK CLUB IS ONLY 4s.! Remember, too, that 
Scientific Book Club selections are full-length and unabridged. They 
are printed on good quality paper, well bound, with an attractive 
picture jacket. 

These are, we say with certainty, books that you will be glad to read, 
proud to own. The Scientific Book 
Club brings these great books to 


you each month; helping you to EXTRA BOOKS, T00! 

















build up. at remarkably low cost, Rdcasheus axe sien quiclensl to-teup 

a first-class collection of scientific splendid “additional” books (fiction 

books. Now is the time to join! and non-fiction) at special bargain 
prices. 











So FILL IN THIS ENROLMENT FORM TODAY —_ oo ae ee oe 


To the Scientific Book Club, 121 Charing Cross Road, London, W.C.2 
I wish to join the Scientific Book Club and agree to purchase the selected book issued each 
month to members at a cost of 4s. (postage Is.). I agree to continue my membership for a 
minimum of six books and thereafter until countermanded. 
You may enrol through your usual bookseller if he is a member of the Booksellers’ Association. 
[] * 1 will pay for selections on receipt. Discovery /June 58 
Or if you wish to save time, postage and postal-order costs, you may 
send an advance subscription. Six months 30s.; twelve months 60s. 


CJ * L enclose 30s./60s. (strike out amount not applicable). 
*Place v in the space above, as required. 


Name 

BLOCK LETTERS PLEASE 
Address . ; ; nee ae af cS oo ete oh ale eee ee 
Overseas enrolments should be accompanied by an advance subscription. 
Prices as for inland (except South Africa, Australia, New Zealand) 














JUNE 1958 DISCOVERY 


in the Periodic Table that has been pub- 
lished since the end of the war in the 
scientific journals, in the volumes of the 
National Nuclear Energy Series (notably 
Vols. 14a and 148 on the actinides and 
transuranium elements, respectively), and 
the intense interest in the field, nowhere 
has this information been collected and 
critically evaluated in a work of moderate 
size that could be used as a reference text 
for students, teachers, and research 
workers. The long wait has, however, 
been worth while. Katz and Seaborg 
have written a magnificent book that will 
unquestionably be the standard text for 
many years to come. Seldom indeed has 
this reviewer read a book with such satis- 
faction and with the feeling that the job 
could not have been done better, even 
though one of the authors recently 
remarked that if he had to write the book 
again he would do it differently. 

The book describes the chemistry of 
actinium, thorium, protactinium, uranium, 
and the transuranium elements. Not only 
are the preparations and properties of 
the elements and their compounds 
described and all available pertinent 
physical data, including nuclear, x-ray 
crystallographic and thermodynamic data, 
collected, but there is an unusually ex- 
haustive and critical treatment of the 
solution chemistry of the actinide ions 
from the viewpoint of oxidation-reduc- 
tion behaviour, hydrolytic reactions, and 
complex ion formation. In addition, there 
is a final excellent chapter devoted to a 
summary, unified discussion and correla- 
tion of the properties of the actinide 
elements in which the inorganic and 
physical chemistry is evaluated and the 
extensive spectroscopic, magnetic, para- 
magnetic resonance studies throwing 
light on the electronic configurations of 
the actinide elements and their com- 
pounds assessed. Seldom indeed has a 
group of elements received such an inten- 
sive study as the actinides—although it 
should by no means be assumed that little 
remains yet to be discovered, as a read- 
ing of this book will show. The treat- 
ment given in the book provides, as no 
book since Yost and Russell’s “Systematic 
Inorganic Chemistry” of Group elements 
V and VI has done, a model for future 
reference texts on the chemistry of the 
elements. If only such books were avail- 
able on many of the more common and 
non-radioactive elements, even though 
the chemical data available are often 
strikingly less than for the actinides. 

Although virtually no Russian work is 
discussed here, obvious as it is that 
much must exist, British and European 
studies receive just treatment. Neverthe- 
less, the greater part of the work dis- 
cussed is American and it provides ample 
justification, if justification be needed, for 





the oft-repeated statement that the atomic 
energy programmes have led to a renais- 
sance in Inorganic Chemistry, even 
though in many schools and universities 
(the United States not excepted) the field 
is barely recognised as an intrinsically 
worthwhile discipline presenting as much 
of an intellectual challenge as Physical or 
Organic Chemistry, and meriting equal 


devotion. G. WILKINSON 
Soviet Education for Science and 
Technology 


By Alexander G. Korol (London, Chap- 
man & Hall, 1958, 513 pp., 68s.) 


To attempt a comprehensive survey of 
Soviet education an author requires 
courage, access to masses of information, 
and a good sense of balance. The author 
has a large measure of all three. He 
depends mostly on Russian publications 
carefully analysed to eliminate their 
defects, but he has also taken help from 
some of the many recent visitors to the 
U.S.S.R. The environment of the Centre 
for International Studies at the M.I.T. is 
a good one to give a broad basis for a 
research of this kind, but the author must 
wish, as his readers will do, that he could 
return to the country of his birth for first- 
hand information to confirm some of the 
numerous deductions he makes and to fill 
in the many admitted gaps. 

There are no big surprises in the 
book, but there is a large quantity of well- 
documented information to support and 
elaborate the picture that is now becom- 
ing more familiar—a large annual output 
of science and engineering graduates, each 
well trained but in their own narrow field. 
The basic concept of a “university” 
does not find much place in the U.S.S.R. 
Figures are also given for the large out- 
put of technicians, particularly in com- 
parison with the U.S.A. 

Anyone «who tries to read this book in 
a hurry will be disappointed. General 
points are difficult to find in the pages of 
figures and in only a few of the chapters 
does the author introduce the stage of the 
argument or give summaries of the con- 
clusions. Nor does the book have a good 
opening chapter. One would like to have 
read something about the educational 
problems facing every country. We and 
the Americans are inclined to take it for 
granted that education is a good thing 
(and so it is). But it is a form of invest- 
ment only to be made at the expense of 
current production and is not something 
that can easily be undertaken by countries 
that are facing many other problems. 
Even the expert would surely have liked 
to have had an introduction; instead, the 
author uses Chapter I as a receptacle for 
odds and ends of information that do not 
fit into the tidy arrangement of the bulk 
of the book. 





A reader’s persistence to get to the last 
chapter will be well rewarded. In his 
“comments and reflections” the author is 
at his best. Through all the threats of an 
educational system able to put power 
behind a dictatorship he sees the hope 
that, human beings being all alike, 
advances in education in Russia may 
gradually remove some of the worst 
features of that political system. 

C. GOODEVE 


Scientific and Technical Translating 


(and other aspects of the Language Prob- 
lem) (Paris, UNESCO, 1957, 282 pp., £1) 


Under this title the UNESCO section on 
Documentation and Terminology of 
Science recently published a most inter- 
esting and comprehensive report. The 
importance and consequences of the 
reflections given or stimulated by the 
book (the “meatiest” 282 pages I have 
read for a long time), can hardly be 
exaggerated, irrespective of whether the 
reader is, like myself, a linguist, trans- 
lator, and lexicographer, or a technologist 
faced with translating abstracts during 
his research. 

It is a sobering thought that forces it- 
self on one’s attention as one ponders the 
charts facing the title page: namely, that 
of all scientific publications of the world, 
less than half are understood by the 
specialists who would benefit from those 
reports, articles, and so forth. This chart 
plots the relative proportions of scientists 
reading the different languages, against 
the proportion of publications in these 
languages; and produces a few surprising 
facts, such as (to quote only one) that 
more people engaged in science and tech- 
nology read untranslated English, German, 
and French, than Russian or any other 
group of languages taken together. 
Spanish and Japanese are about equal in 
volume. I believe this chart would look 
very different if more Russian had been 
taught in Western schools and if, even 
since the Second World War, more 
Russian publications had been made 
available to Western Abstracting Centres 
(such as Holland and the U.S.A.). 

That is, however, only one question 
raised by the book, and there are literally 
hundreds of equal interest and signifi- 
cance for the future world co-operation 
of scientists. 

The book is the outcome of two 
UNESCO Conferences (1952 and 1954) 
and represents, besides UNICEF or 
WHO, the most encouraging aspect of 
global co-operation. In it are covered 


(and written in stimulating, exemplary, 
lucid style) all conceivable aspects of the 
quantitative, qualitative, and technical 
questions bound up in scientific transla- 
tion, and so the report will definitely be 
a standard reference work for conference 
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in the Periodic Table that has been pub- 
lished since the end of the war in the 
scientific journals, in the volumes of the 
National Nuclear Energy Series (notably 
Vols. 14a and 14B on the actinides and 
transuranium elements, respectively), and 
the intense interest in the field, nowhere 
has this information been collected and 
critically evaluated in a work of moderate 
size that could be used as a reference text 
for students, teachers, and research 
workers, The long wait has, however, 
been worth while. Katz and Seaborg 
have written a magnificent book that will 
unquestionably be the standard text for 
many years to come. Seldom indeed has 
this reviewer read a book with such satis- 
faction and with the feeling that the job 
could not have been done better, even 
though one of the authors recently 
remarked that if he had to write the book 
again he would do it differently. 

The book describes the chemistry of 
actinium, thorium, protactinium, uranium, 
and the transuranium elements. Not only 
are the preparations and properties of 
the elements and their compounds 
described and all available pertinent 
physical data, including nuclear, X-ray 
crystallographic and thermodynamic data, 
collected, but there is an unusually ex- 
haustive and critical treatment of the 
solution chemistry of the actinide ions 
from the viewpoint of oxidation-reduc- 
tion behaviour, hydrolytic reactions, and 
complex ion formation. In addition, there 
is a final excellent chapter devated to a 
summary, unified discussion and correla- 
tion of the properties of the actinide 
elements in which the inorganic and 
physical chemistry is evaluated and the 
extensive spectroscopic, magnetic, para- 
magnetic resonance studies throwing 
light on the electronic configurations of 
the actinide elements and their com- 
pounds assessed. Seldom indeed has a 
group of elements received such an inten- 
sive study as the actinides—although it 
should by no means be assumed that little 
remains yet to be discovered, as a read- 
ing of this book will show. The treat- 
ment given in the book provides, as no 
book since Yost and Russell’s “Systematic 
Inorganic Chemistry” of Group elements 
V and VI has done, a model for future 
reference texts on the chemistry of the 
elements. If only such books were avail- 
able on many of the more common and 
non-radioactive elements, even though 
the chemical data available are often 
strikingly less than for the actinides. 

Although virtually no Russian work is 
discussed here, obvious as it is that 
much must exist, British and European 
studies receive just treatment. Neverthe- 
less, the greater part of the work dis- 
cussed is American and it provides ample 
justification, if justification be needed, for 


the oft-repeated statement that the atomic 
energy programmes have led to a renais- 
sance in Inorganic Chemistry, even 
though in many schools and universities 
(the United States not excepted) the field 
is barely recognised as an intrinsically 
worthwhile discipline presenting as much 
of an intellectual challenge as Physical or 
Organic Chemistry, and meriting equal 


devotion. G. WILKINSON 
Soviet Education for Science and 
Technology 


By Alexander G. Korol (London, Chap- 
man & Hall, 1958, 513 pp., 68s.) 


To attempt a comprehensive survey of 
Soviet education an author requires 
courage, access to masses of information, 
and a good sense of balance. The author 
has a large measure of all three. He 
depends mostly on Russian publications 
carefully analysed to eliminate their 
defects, but he has also taken help from 
some of the many recent visitors to the 
U.S.S.R. The environment of the Centre 
for International Studies at the M.L.T. is 
a good one to give a broad basis for a 
research of this kind, but the author must 
wish, as his readers will do, that he could 
return to the country of his birth for first- 
hand information to confirm some of the 
numerous deductions he makes and to fill 
in the many admitted gaps. 

There are no big surprises in the 
book, but there is a large quantity of well- 
documented information to support and 
elaborate the picture that is now becom- 
ing more familiar—a large annual output 
of science and engineering graduates, each 
well trained but in their own narrow field. 
The basic concept of a “university” 
does not find much place in the U.S.S.R. 
Figures are also given for the large out- 
put of technicians, particularly in com- 
parison with the U.S.A. 

Anyone who tries to read this book in 
a hurry will be disappointed. General 
points are difficult to find in the pages of 
figures and in only a few of the chapters 
does the author introduce the stage of the 
argument or give summaries of the con- 
clusions. Nor does the book have a good 
Opening chapter. One would like to have 
read something about the educational 
problems facing every country. We and 
the Americans are inclined to take it for 
granted that education is a good thing 
(and so it is). But it is a form of invest- 
ment only to be made at the expense of 
current production and is not something 
that can easily be undertaken by countries 
that are facing many other problems. 
Even the expert would surely have liked 
to have had an introduction; instead, the 
author uses Chapter I as a receptacle for 
odds and ends of information that do not 
fit into the tidy arrangement of the bulk 
of the book. 


A reader’s persistence to get to the last 
chapter will be well rewarded. In his 
“comments and reflections” the author is 
at his best. Through all the threats of an 
educational system able to put power 
behind a dictatorship he sees the hope 
that, human beings being all alike, 
advances in education in Russia may 
gradually remove some of the worst 
features of that political system. 

C. GOODEVE 


Scientific and Technical Translating 


(and other aspects of the Language Prob- 
lem) (Paris, UNESCO, 1957, 282 pp., £1) 
Under this title the UNESCO section on 
Documentation and Terminology of 
Science recently published a most inter- 
esting and comprehensive report. The 
importance and consequences of the 
reflections given or stimulated by the 
book (the “meatiest” 282 pages I have 
read for a long time), can hardly be 
exaggerated, irrespective of whether the 
reader is, like myself, a linguist, trans- 
lator, and lexicographer, or a technologist 
faced with translating abstracts during 
his research. 

It is a sobering thought that forces it- 
self on one’s attention as one ponders the 
charts facing the title page: namely, that 
of all scientific publications of the world, 
less than half are understood by the 
specialists who would benefit from those 
reports, articles, and so forth. This chart 
plots the relative proportions of scientists 
reading the different languages, against 
the proportion of publications in these 
languages; and produces a few surprising 
facts, such as (to quote only one) that 
more people engaged in science and tech- 
nology read untranslated English,German, 
and French, than Russian or any other 
group of languages taken together. 
Spanish and Japanese are about equal in 
volume. I believe this chart would look 
very different if more Russian had been 
taught in Western schools and if, even 
since the Second World War, more 
Russian publications had been made 
available to Western Abstracting Centres 
(such as Holland and the U.S.A.). 

That is, however, only one question 
raised by the book, and there are literally 
hundreds of equal interest and signifi- 
cance for the future world co-operation 
of scientists. 

The book is the outcome of two 
UNESCO Conferences (1952 and 1954) 
and represents, besides UNICEF or 
WHO, the most encouraging aspect of 
global co-operation. In it are covered 
(and written in stimulating, exemplary, 
lucid style) all conceivable aspects of the 
quantitative, qualitative, and technical 
questions bound up in scientific transla- 
tion, and so the report will definitely be 
a standard reference work for conference 
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The Physicist’s Conception 
of Nature (1«:. 
WERNER HEISENBERG 


This monograph contains a brilliant analysis of 
man’s cultural and philosophical strivings. The 
author writes, ‘I have tried to give a sketch of the 
problems confronting modern man because of 
changes in the world-view of physics and science.’ 





Collecting, Preserving and 
Studying Insects (2; 


HAROLD OLDROYD 


An up-to-date account of the various aspects of 
collecting and exhibiting specimens which also 
explains how to make new discoveries known. 
Suitable for the beginner and detailed enough to 
serve as a permanent work of reference. //lustrated 





The Life and 
Death of Cells 135; 
JOSEPH G. HOFFMAN 


A leading biophysicist and cancer research specialist 
examines the mystery of the basic unit of all life 
—the cell. The chemistry and physics of cells are 
describedandthe present objects of research outlined. 
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A New Approach To 
Schizophrenia (21; 
JULIUS I. STEINFELD 


An important and original contribution to the 
diagnosis and treatment of schizophrenia, with 
information on new techniques and the use of 
new drugs. 





General Principles 
of Geology (25: 


New edition, extensively revised 
J. F. KIRKALDY 










Dr. Kirkaldy here presents for students and general 
readers the fundamentals of physical geology, 
petrology, mineralogy, stratigraphy, palaeontology, 
and economic geology. Illustrated 
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organisers, educational bodies at national 
and international levels, and for the 
linguist as well as the communication 
engineer. I recommend a first reading of 
Chapter 4 on the “Availability and Pro- 
vision of Translated Material” as an 
hors-d’ceuvre, and I am sure no reader 
will leave untouched the rich, stimulating 
plates which are laid out so generously 
in the other chapters. 

A wealth of information, especially for 
the translator, is provided in tables, 
showing, for instance, the potential reader- 
ship in the main and “smaller” languages, 
and an interesting group of “language- 
influenced countries” (Spanish, English, 
French, and Russian, the latter under- 
represented here). Curiously, the U.S. 
readership of foreign languages (in fields 
of pure and applied science) is propor- 
tionally the same. 

The reviewer of so generous a book 
covering the whole problem, cannot pos- 
sibly do more than express his admiration 
for the organising mind behind the under- 
taking (Dr E. J. Holmstrom) and to urge 
the book upon all who from every angle 
rely upon translation work for their 
research. 

The value of this comprehensive hand- 
book is enhanced by the very thorough 
bibliography, the impressive list of inter- 
national collaborators*—and the fact that 
the main idea is never forgotten: com- 
munication between and among scientists 
and engineers all over this shrunken 
world calls urgently for improvement. 

J. HORNE 


Kingdom of the Octopus 

By Frank W. Lane (London, Jarrolds, 
1957, 287 pp., 48 plates, 13 illustrations, 
30s.) 

Study of the structure of squid, octopus, 
and their relatives has long revealed their 
undoubted molluscan affinities. But their 
means of moving, their complex nervous 
systems, and their behaviour hardly 
remind us of a snail or oyster. Even those 
most familiar with these animals must 
occasionally give themselves a shock 
when thinking of the cephalopod’s posi- 
tion in the animal kingdom. 

Frank Lane has been interested in the 
cephalopods for some time. His interest 
has been so great that he has courageously 
undertaken to write this popular and 
detailed account of their lives. But he 
was stimulated by the fact that the last 
(and first) popular book in English was 
“The Octopus” or “The Devil Fish of 
Fiction”, which was written by Henry 
Lee and published in 1875. 

After a general introduction to the 
cephalopods, including some mention of 


* The very full list of books for technical 
language study (Appendix 3). 


their fossil history, Lane turns to more 
detailed consideration of their biology. 
There are chapters on food, enemies, 
locomotion, behaviour, colour, lumines- 
cence, and reproduction. Then follow 
most interesting accounts of fishing for 
cephalopods, their economic uses, and 
their danger to man. Finally, there is a 
well-documented historical chapter on the 
kraken. There are also appendices on 
anatomy, classification, common and 
scientific names, together with a glossary 
of technical terms, and an extensive 
bibliography. 

Cephalopods do not readily lend them- 
selves to exact study. Apart from being 
difficult to observe in their natural marine 
surroundings, they are elusive because of 
their remarkable organisation. It is not 
surprising that the interpretation of their 
structure in terms of function and 
behaviour has only been a relatively 
recent development. And there is still 
much to be learned of their systematics, 
ecology, and life histories, particularly of 
the oceanic species. But while our 
learned ignorance is only too apparent, 
there have been many field observations 
by naturalists, travellers, and fishermen. 
The author has gone to much trouble to 
bring these together and to set them 
beside the knowledge gained in the 
laboratory. 

As a result, this book is a real mine of 
all kinds of information. The layman 
with an interest in the natural history of 
the seas will find a new world that was 
formerly hidden in libraries (and in the 
heads of the experts who have helped the 
author). The student will find a compre- 
hensive survey but will need to pick his 
way carefully through the varying levels 
of information. (Many observations need 
to be confirmed before they can be 
accepted and others may be unreliable.) 
The expert may think that Mr Lane 
has produced a teuthophile’s miscellany, 
rather than a synthesis of present teutho- 
logical knowledge. Mr Lane’s aim of 
satisfying the expert is perhaps too ambi- 
tious, as experts are rarely satisfied. 
Nevertheless, this is a most welcome 
book. It is written in an easy flowing 
style, and is excellently illustrated. The 
author deserves our thanks. 

N. B. MARSHALL 


High Fidelity and Sound Reproduction 
Edited by E. Molloy (London, George 
Newnes, xii+200 pp., 20s.) 

This is an elementary technical survey to 
which nine authors have contributed ten 
separate chapters. These deal with perfor- 
mance judgment, acoustics of reproduc- 
tion, multiple channel systems, amplifiers, 
dynamic and electrostatic loud-speakers, 
disc and tape recording and radio repro- 
duction. 


The editing is excellent in that there is 
virtually no overlap between the separate 
authors and a very uniform standard is 
maintained. Illustrations are good, there 
is very little mathematics, but there are 
perhaps too many complex circuits for 
the probable type of reader. 

This monograph is an admirable intro- 
duction to the High Fidelity enthusiasts, 
a rapidly growing band. The contribu- 
tions are authoritative and by no means 
over-technical, which they could well 
have been. Sufficient references are given 
to enable the enthusiast to pursue his 
studies in more detail. Being essentially 
a group of review essays, the book does 
not aim at contributing new facts, but it 
is nevertheless a welcome contribution to 
the technology of sound reproduction. 


Brief Notes 


The value of University Interchange as 
a factor in promoting European under- 
standing is the theme of a report issued 
by the Committee for Foreign University 
Interchange and published by the British 
Council. 

The First Report of the Wellcome 
Trust, covering the period 1937-56, pub- 
lished from 52 Queen Anne Street, 
London, W.1, surveys the origin and the 
activities of the Trust and there is an 
appreciation of the late Sir Henry S. 
Wellcome. 


Two DSIR reports are on “Water 
Pollution Research, 1956” and “Chemis- 
try Research, 1956” (price 4s. each, from 
5-11 Regent Street, London, S.W.1). The 
former contains a survey of the Thames 
Estuary, and discussions on oxygen 
balance in surface waters, the effects of 
pollution on fish, composition and treat- 
ment of sewage, and industrial waste 
waters. The latter has chapters on corro- 
sion problems, separation of rare earths, 
semi-conductors, uranium and thorium 
extraction, radioactive tracer techniques, 
and high polymers. 

The Eighth Annual Report of the 
Commonwealth Scientific and Industrial 
Research Organisation for 1955-6 has 
been issued by the Australian Common- 
wealth Government Printer, Canberra, at 
10s. 6d. Soils; plants; irrigation; animal 
health and production; fisheries and 
oceanography; forest products; wool tex- 
tiles; industrial chemistry; electro-tech- 
nology; and radio-, atmospheric, and 
extraterrestrial physics are some of the 
subjects passed under review. 

The History of Flax—The Story of 
Linen has been designed and produced by 
the Flaxspinners’ and Manufacturers’ 
Association of Great Britain. The book- 
let contains about 100 photographs form- 
ing a picture story of the history of flax. 
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Television in March 


The month of March has seen some in- 
effective adult scientific television broad- 
casting. The weekly BBC series, “Your 
Life in Their Hands”, continues with its 
quite meaningless titles and morbid 
curiosities. For those who incline to this 
sort of thing, these broadcasts are doubt- 
less of much interest. However, both the 
scientific content and the degree of 
morbidity are extremely variable indeed. 
For instance, March 4 saw “Out on a 
Limb”, which gave an admirable impres- 
sion of the formidable tasks to be tackled 
by the country doctor, only to be followed 
by a rather lame, artificially constructed 
visit to a cottage hospital. The latter was 
intensely human and admirable propa- 
ganda, but of no scientific interest at all. 
A week later, the next in the series, 
“Thought is the Seed of Action”, gave us 
a much more exciting broadcast. This 
was a Visit to the Neuro-surgery Depart- 
ment of the Royal Infirmary, Edinburgh, 
and it concerned itself with an explora- 
tion of the functioning of the human 
brain. 

The first ten minutes were profitably 
devoted to an elementary exposition of 
brain activities and functions. This was 
followed by a demonstration of clinical 
examination using electroencephalography 
and neuro-radiology, in which some 
admirable x-ray pictures were presented. 
After this, there was a 14-minute film 
sequence showing an actual brain opera- 
tion, which was far from morbid and of 
considerable interest indeed. The closing 
five minutes were devoted to the rehabili- 
tation treatments applied to patients. 

In every respect this was a good broad- 
cast, being an excellent mixture of pure 
science, surgery, and humanism. The only 
silly feature was the incidental one of 
the persistent medical insistence on 
anonymity. I, for one, would certainly 
have liked to have known the names of 
all expert exponents in this programme, 
all obliged to hide under the title 
“doctor”. 

But a succeeding broadcast, dealing 
with disorders of the thyroid gland, was 
indeed a sorry mixture of science and 
utter morbid exploitation of human 
suffering. It was highly over-dramatised 
and its scientific content hardly deserves 
mention. 

Now in direct contrast to the ups and 
downs of adult broadcasting, there has 
been a healthy stream of interesting and 


very valuable scientific broadcasting on 
the children’s programmes on both 
channels. The BBC, in particular, has 
been quite impressive both with regard to 
quality and quantity, but ITV has not 
lagged far behind. On the BBC, Prof. W. 
Bullough, of London University, has 
brought to a conclusion his fascinating 
series on animal evolution, entitled 
“Animals with Backbones”. Given by a 
superb teacher, at once sympathetic and 
humorous, yet critically correct, these 
programmes have been ideal for exciting 
in the young an interest in the real mean- 


ing of evolution. Produced cleverly by 
Miss Elwell, they have exhibited a closely 
knit interweaving of lecture, practical 
demonstration with live animals (often 
amusing), and good film. Prof. Bullough 
is most careful in his manner of recapitu- 
lation, driving home emphatically the 
salient points, being assisted in this by an 
excellent use of superimposed printed 
captions. In these programmes not only 
was interest and emotion aroused but the 
opportunity to learn was enhanced by the 
abundancy of factual data. As a boy I 
was never lucky enough to hear lecturing 
of this quality, and I am particularly 
pleased to see the emergence of a really 
good TV teacher, the more so because he 
can fascinate some millions of children 
simultaneously, thereby becoming an in- 
valuable educational asset. 

Peter Scott continues weekly at 5.30 on 
BBC with “Look”, his remarkable wild- 


New Horizon No. 7. Dr J. Bronowski demonstrating the atomic structure of 
diamonds —_— one of his thirteen science programmes put on the air by 
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bird series for children. This is, of course, 
exciting real-life biology, depending 
mainly upon special film, but the com- 
mentary by Peter Scott converts the film 
into something memorable. His films are 
usually absorbing and generally harmless, 
yet I do have one criticism to offer about 
one on Southern Spain. The repellent, 
savage feeding habits of predatory eagles 
and carrion-eating birds have been shown 
in drawn-out detailed sequences, The 
ravenous, prolonged swallowing of a 3-ft.- 
long snake by a mere 10-in.-long eaglet, 
shown in close-up, is not quite the kind 
of film I am anxious for my nine-year-old 
child to see. Of course, we all know that 
Nature is ferociously savage, but there is 
hardly need to focus juvenile interest on 
this particular aspect of animal behaviour, 
especially with enlarged close-ups. These 
broadcasts by Peter Scott are normally in 
such admirable good taste that it is to be 
hoped that this slight defection will not be 
repeated. 

March 25 saw the completion of the 


ITA  school-series, “More Power’, an 
Associated-Rediffusion Programme which 
has run the major part of the past term. 
With guidance from a scientific adviser, 
illustrated by Kenneth James, introduced 
by John Richmond, and directed by John 
Frankau, this has been, all told, a very 
attractive series, ending up, as it did, with 
a survey of the significance of ZETA. 
The programme for March 18 can be 
singled out as an excellent example of the 
standard and content of these broadcasts. 
It set itself the quite formidable problem 
of explaining to senior schoolchildren 
with some scientific knowledge (partly 
acquired in earlier broadcasts) how a 
nuclear power reactor works. Excellent 
animated diagrams were used with admir- 
able efficiency; when well used, such 
teaching means can be very forceful 
indeed. A commendable teaching tech- 
nique employed involved an acoustic 
trick in question and answer. The teacher 
introduces some key point in the form of 
a question, and after a pause the answer 


is supplied by ghostly echo-voices (pre- 
sumably an imaginary class). It proves a 
most effective technique. 

A lot of time, and some well-thought- 
out analogies were devoted to a successful 
explanation of the meaning of the word 
“isotope”. This approach contrasts to 
advantage with the all-too-frequent in- 
different usage of technical terminology in 
many of the past adult science broadcasts. 
As befits a treatment prepared for the 
young, ample time was devoted to the 
description of the atomically powered 
U.S.A. submarine Nautilus. The session 
ended with a somewhat rushed account of 
the Dounreay reactor, but during this a 
really clear explanation was given as to 
why liquid sodium can be used in a 
reactor. 

This broadcast, like all in the series, 
was a serious attempt to teach a difficult 
scientific subject of burning importance to 
senior schoolchildren; and it achieved a 
very high measure of success. 

S. TOLANSKY 


LETTERS TO THE EDITOR 


“Symbols in Scientific Typescripts” 


Dear Sir: 

The article by Dr Courtenay-Pratt 
(Discovery, 1958, vol. 19, No. 3, pp. 
104-8) surprisingly omits any mention of 
the “Hammond” (later “Varityper”, later 
still “Coxhead”) typewriter for typing 
mathematics and special scripts. Models 
of this interchangeable swinging-sectors 
machine have been in continuous and 
widespread use since it was first marketed 
in 1884. The main objection to it—apart 
from the fact that all typed mathematics 
is aesthetically objectionable, slow, and 
expensive—was that typists needed a 
special touch for its trigger-mechanism, 
which spoiled their touch for velocity- 
impression machines. The widespread use 
of electrically-powered typewriters, in- 
cluding “Coxhead” and “Varitypers”, 
removes most of this objection. Another 
objection is that one cannot see what one 
is doing when building up multi-tiered 
expressions that need tricky alignment. 

The twinned typewriter is quite a 
creditable development, and there was no 
need to hide all reference to its origina- 
tors. To the best of my knowledge it was 
devised by J. R. Green and G. H. Morris 
of the Australian Council for Scientific 
and Industrial Research, Aeronautics 
Division, in 1940 and 1941, when imports 
of “Varitypers” from U.S.A. were as 
hazardous as they were expensive. An 
account of the first model, made by 
twinning two standard “Imperials” 
appeared (I believe), in the C.S./.R. 
Journal in 1948 or 1949, 


Various people got to know of this 
approach, including Dr L. J. Comrie of 
the Scientific Computing Service who was, 
of course, deeply concerned with the pre- 
sentation of mathematics and numerical 
tables by all and any processes. Through 
him the Imperial Chemical Industries, 
Plastics Division, who in 1948 were suffer- 
ing from stoppage of imports of “Vari- 
typers”, learnt of the Green-Morris twin 
and developed it with Imperial Typewriter 
Co. The leading spirit on the ICI side was 
Mr R. M. C. Arnot. A prototype was 
working in 1950. 

The real difficulty was, as in all special 
typewriters, not so much the mechanism 
as choice of characters and layout of 
keyboards. 

It is difficult to believe that the twinned- 
typewriter with common carriage was not 
devised in some form or other before 
1940. Nevertheless, till evidence of other 
priority turns up, it might in justice be 
referred to as the “Green and Morris 
Twin Typewriter”. R. A. FAIRTHORNE 


Farnborough, Hants. 


Wall Paintings in Mexico 
Sir: 

The illustrations you give of the Ixta- 
pantongo wall paintings, in your issue of 
February last, are of great interest. There 
is stylistic reason to date them at about 
the 8th century A.D., mainly on the high 
percentage of Maya costume traits. The 
lower part of the large painting includes 
scenes from two well-known myths: the 
adventures of the god Xolotl in the under- 


world, and the legends of the Popol Vuh 
The upper part of this picture, however, is 
of greater scientific interest today. The 
central figure is the sun-god as the mid- 
point of the heavens. Around him are 
grouped a procession of deities who are 
associated with stars. The highest is a 
warrior god with striped face-paint who is 
probably Tezcatlipoca, associated with 
Ursa Major. Immediately below is a god 
with a blue bird on his head-dress. This 
is the fire-god, associated with Antares. 
Below, holding up a skull and badly 
defaced but showing the typical wind- 
mask is Quetzalcoatl, associated with Leo. 
On the right is another god with the face 
entirely lost. He is surrounded by 
planetary symbols and parts of a plumed 
serpent. This may be the Pleiades as “the 
ball-court of the stars”, but not certainly. 
The suggestion is that this painting 
represents the feast of Toxcatl, May 4-24, 
with the sky as seen at sunset, which is the 
time of the commencement of a new 
calendrical day in the Toltec system. 
Although the ancient Mexican gods are 
now known to represent universal psycho- 
logical entities of the nature of Jungian 
archetypes, nevertheless the priests were 
also exact astronomical observers, and 
there is every reason to surmise that on 
the great feast of their most powerful 
god, Tezcatlipoca, they would mark the 
position of the stars. If this is indeed the 
fact, then the cave of Ixtapantongo was 
the centre of a Toltec warrior-noblemen 
cult dedicated to the war-god. 
C. A. BURLAND 
West Molesey, Surrey. 
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td to the Australian Atomic Energy 


Commission for its research station at Lucas Heights, Sydney. 


New Fellows of Royal Society 

ABERCROMBIE, MICHAEL, Reader in 
Embryology at the University of London, 
University College. Distinguished for his 
researches in embryology, tissue culture, 
and wound-healing. 

ABRAHAM, EDWARD PENLEY, Senior 
Research Officer at the University of 
Oxford Sir William Dunn School of 
Pathology. Distinguished for his work on 
the isolation and chemistry of antibac- 
terial substances. 

BAKER, JOHN RANDAL, Reader in 
Cytology at the University of Oxford. 
Distinguished for his researches on the 
chemistry of the cell. 

BircH, ARTHUR JoHN, Professor of 
Organic Chemistry in the Victoria Uni- 
versity of Manchester. Distinguished for 
his studies on the structure and biogenesis 
of natural products. 

Bose, SATYENDRANATH, Vice-Chancellor 
of the Visva-Bharati University, Santini- 
ketan, India. Distinguished as the dis- 
coverer of Bose-Einstein statistics. 

BRIAN, Percy WraGG, Head of the 
Department of Microbiology, Akers 


Research Laboratories, Imperial Chemical 
Industries Limited. Distinguished for his 
researches on microbiology and plant 
pathology. 

BULBRING, EpiTH, University Demon- 
strator in Pharmacology at the University 


of Oxford. Distinguished for her work on 
smooth muscle and on the actions of 
adrenaline. 

CALLOW, ROBERT KENNETH, Research 
Chemist at the National Institute for 
Medical Research, London. Distinguished 
for his work on steroid chemistry. 

DIxEy, FRANK, C.M.G., O0.B.E., Director 
of Overseas Geological Surveys, London. 
Distinguished for African geological 
researches, particularly in tectonics, geo- 
morphology, and ground water hydrology. 

EWALD, PETER PauL, Professor and 
Head of the Department of Physics in the 
Polytechnic Institute of Brookiyn. Dis- 
tinguished for his outstanding contribu- 
tions to the science of x-ray optics. 

FENNER, FRANK JOHN, M.B.E., Professor 
of Microbiology in the Australian 
National University, Canberra. Dis- 
tinguished for his work on microbiology, 
particularly the pathogenesis and epi- 
demiology of mousepox and myxomatosis. 

GLANVILLE, WILLIAM HENRY, C.B., 
c.B.E., Director of the Road Research 
Laboratory, Department of Scientific and 
Industrial Research, Harmondsworth. 
Distinguished for his researches on rein- 
forced concrete and on road construction. 

GREEN, ALBERT EDWaRD, Professor of 
Applied Mathematics in the University of 
Durham, King’s College, Newcastle- 
upon-Tyne. Distinguished for important 





contributions to the mathematical theory 
of elasticity and hydrodynamics. 

Happow, ALEXANDER, Professor of 
Experimental Pathology in the University 
of London and Director of the Chester 
Beatty Research Institute of the Institute 
of Cancer Research, Royal Cancer Hos- 
pital. Distinguished for his investigations 
into the chemotherapy of malignant 
disease. 

HIGMAN, GRAHAM, Reader in Mathe- 
matics at the University of Oxford. Dis- 
tinguished for his contributions to the 
theory of groups. 

HUGGETT, ARTHUR ST GEORGE JOSEPH 
McCartny, Professor of Physiology in 
the University of London at St Mary’s 
Hospital Medical School. Distinguished 
for his investigations on the physiology 
of reproduction and on the transfer of 
materials from mother to foetus. 

LONGUET-HIGGINS, HUGH CHRISTOPHER, 
John Humphrey Plummer Professor of 
Theoretical Chemistry in the University 
of Cambridge. Distinguished for his 
application of mathematics to problems 
in physical chemistry. 

LYTHGOE, BasIL, Professor of Organic 
Chemistry in the University of Leeds. 
Distinguished for his contributions to the 
chemistry of natural products. 

Mirra, SistR Kumar, Professor of 
Physics and Director of the Institute of 
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Radio-Physics and Electronics, University 
of Calcutta. Distinguished ffor his 
researches in many branches of upper 
atmosphere physics. 

Mortimer, CLIFFORD HILEy, Secretary 
of the Scottish Marine Biological Associa- 
tion and Director of the Marine Labora- 
tory, Millport. Distinguished for his 
research upon lakes and lake-deposits, 
and the chemical and physical conditions 
which control life in them. 

NYHOLM, RONALD SyDNeEY, Professor of 
Chemistry in the University of London, 
University College. Distinguished for his 
contributions to inorganic chemistry, 
especially for his studies of complex com- 
pounds of the transition elements. 

Rocuester, GeorGce Dixon, Professor 
of Physics in the University of Durham, 
Durham Colleges. Distinguished for his 
researches on the cosmic radiation, and 
particularly for his contributions to our 
knowledge of the unstable elementary 
particles. 

SAUNDERS, OWEN ALFRED, Dean of The 
City and Guilds College and Professor 
and Head of the Department of Mechani- 
cal Engineering in the University of 
London, Imperial College of Science and 
Technology. Distinguished for his contri- 
bution to the study of heat transfer and to 
the development of the internal combus- 
tion engine. 

SmitH, James Eric, Professor of 
Zoology in the University of London, 
Queen Mary College. Distinguished for 
his researches on the principles of nervous 
organisation as exemplified by lower 
animals. 

TURRILL, WILLIAM BERTRAM, O.B.E., for- 
merly Keeper of the Herbarium and 
Library at the Royal Botanic Gardens, 
Kew. Distinguished for his experimental 
and descriptive work on flowering plants 
of Britain and the Near East. 


The Sacred Cigarette 

The now frequently condemned cigarettes 
were once sacred objects among Indian 
tribes of the South-west (U.S.A.). They 
were placed by priests in caves as votive 
offerings. Thousands have been found in 
cave-shrines throughout Arizona. 

The once-sacred nature of the cigarette 
(none of the present popular brands of 
wide advertising fame, of course) is estab- 
lished by the findings of several archaeo- 
logists during the past half-century, 
according to the Smithsonian Institution’s 
Bureau of American Ethnology. 

The practice of making cane cigarettes 
survived up to quite recently among the 
Pima Indians of Arizona. From a reed 
growing along the banks of the Rio Gila 
they made a smoking-tube the length 
of the first two joints of the index- 
finger. Around the middle of this was 
tied a miniature belt woven from 
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cotton and agave fibre, with fringed ends. 

These tubes were regarded as male or 
female, according to certain marks placed 
on them. Before departure of a war-party 
the tubes were filled with tobacco and 
smoked towards the four points of the 
compass, to the tribal fetishes, and to all 
the objects that were to be used in the 
campaign. Each warrior smoked his own 
cigarette. 

At the close of the ceremony the tubes 
were deposited in shrines dedicated to the 
war-god. These generally were in caves. 
Hundreds of these tubes were found in 
fireplaces during excavation of the great 
Indian “apartment house” at Casa 
Grande, Arizona, in 1957. The surfaces 
were charred but the objects still were 
distinguishable. Large numbers of similar 
tubes have been found in caves through 
the Gila and Salt River valleys. 


Science Survey's 400th Programme 

The 400th “Science Survey” programme 
was broadcast on Friday, January 10 in 
Network Three; it was a talk on Man- 
chester University’s Radio Telescope, at 
Jodrell Bank, by the Director of the 
Research Station, Prof. A. C. B. Lovell. 

Except for summer breaks, the series 
has run almost continuously for the past 
ten years in the Home Service until Net- 
work Three began. In this time it has 
established itself as one of the events of 
the current scientific life of the country, 
taking its place beside other much longer 
established vehicles of scientific com- 
munication. Now the “Survey” has given 
birth to an independent monthly review, 
broadcast in the Home Service. 

Fred Hoyle was heard on this pro- 
gramme before embarking on his famous 
broadcast lectures on astronomy. On one 
occasion (as part of the BBC’s contribu- 
tion to the Festival of Britain) no less 
than nine British Nobel Prize winners 
broadcast in succession. But contributors 
have not been confined to the British 
Isles, their laboratories range from the 
Mt Palomar Observatory in California, 
the Hylean Amazon, the Scandinavian 
countries, to the Radcliffe Observatory in 
Pretoria. 

The originator of this series was Mr 
Ian Cox, well known for the scientific 
planning of the 1951 Festival on the 
South Bank. In May 1957 Dr Archie 
Clow became responsible for these pro- 
grammes as their Producer, and ever since 
he has made them one of the outstanding 
features of broadcasting. 


Micro 58 


The Royal Microscopical Society extends 
a cordial invitation to all photomicro- 
graphic workers to participate in this 
exhibition of photomicrographs from 
July 23 to 30 at the Polytechnic, Regent 





Street, the first of what will become, it 
is hoped, an annual function. Micro- 
graphs, a coherent résumé of a study of a 
particular problem, or related research 
exhibits will be acceptable. It is hoped 
that such an exhibition will enhance 
the standard of photomicrography and 
improve the communication between 
workers in allied fields. It is also hoped 
that, by admitting the general public, a 
lay interest in the work of microscopists 
will be stimulated. 

A printed programme will be published 
and the title, authorship and a fifty-word 
abstract of the exhibit should be sub- 
mitted to the Society before April 30 to 
ensure inclusion, Exhibits, however, can 
be accepted up to June 20. Further infor- 
mation and entry forms can be obtained 
from the Royal Microscopical Society, 
Tavistock House South, Tavistock Square, 
London, W.C.1. 


Expedition to South Chile 


The Royal Society announces that plans 
are being made, in co-operation with the 
Royal Society of New Zealand, to send a 
small expedition to southern Chile in 
September of this year. Dr Martin Hold- 
gate, Zoology Department, University of 
Durham, has been appointed organiser, 
and Mr G. A. Knox, Canterbury Univer- 
sity College, New Zealand, and Dr E. J. 
Godley, Director of the Botany Division 
of the New Zealand Department of 
Scientific and Industrial Research, will 
also take part. The University of Chile 
has expressed its interest and also hopes 
to send representatives. 

It is intended that this expedition should 
be exploratory and preliminary to a pro- 
posed larger Commonwealth expedition 
to the South Pacific area. 


Zeta Apparatus for Norway 


A group of eight to ten scientists from the 
Norwegian Institute for Atomic Energy 
and the Astro-Physical Institute have 
worked out detailed plans for the estab- 
lishing of a centre where practical 
research with controlled hydrogen fusion 
may be carried out. This includes the 
construction of an experimental reactor 
along the lines of the British ZETA 
machine. Application for an initial grant 
to this end has been submitted, and it is 
hoped that the work can start this year. 
The research group is headed by Dr 
Eberhard Jensen and Prof. Svein Rosse- 
land. 


Modern Composting Plant for Bangkok 
Bangkok, capital of Thailand, will shortly 
lead other large cities of the world in an 
important modern aspect—the hygienic, 
economical, and useful disposal of its 
garbage. The city is to have the largest 
mechanised composting plant ever built. 





This plant will turn all the refuse col- 
lected from the city’s million population 
into useful fertiliser to be used for the 
surrounding agricultural land and gardens. 
Instead of being dumped in unsightly, un-, 
healthy tips on the outskirts of the city, 
the collected household refuse will, after 
processing, pass out of the composting 
plant in the form of a clean granulated 
material, sterilised of germs and weed 
seeds and ready for sale to farmers and 
gardeners. 

Sale of the material by a special com- 
pany to be set up, will more than cover 
the costs of the plant and its operation 
and profits can be set against the costs of 
refuse collection. 

Setting up of this type of plant will, 
moreover, have other economic effects. 
One of Thailand’s major and increasing 
imports is artificial fertiliser with which 
to enrich the very poor, dusty sand/clay 
soil, which occurs in certain areas around 
Bangkok. By processing her own humus, 
the country will be cheapening the means 
of improving her soil. And Thailand’s 
production of rice, in the export of which 
she ranks second to Burma, might well be 
increased by the improvement to her land 
by this humus-producing compost. 

Britain is playing an important part in 
this development. The contract for the 
whole plant has been won by a British 
company, John Thompson Industrial 
Constructions Limited, in the face of 
world-wide competition. 


Six Months with Aborigines 

An Australian anthropologist, Dr W. E. H. 
Stanner, has left Darwin for the Fitz- 
maurice River District of the Northern 
Territory, where he will spend six months 
in isolation studying the ancient history 
of the aborigine people. 

Dr Stanner, reader in anthropology at 
the National University in Canberra, has 
discovered spearheads and rock paintings 
in the Fitzmaurice River District which 
are believed to be centuries old. Nothing 
like them has been found before, and the 
aborigines who accompanied Dr Stanner 
on his earlier trip claimed they were the 
work of legendary tribes. 

Dr Stanner believes that his discoveries 
are on the site of a base used long ago for 
the manufacture of weapons during the 
wet season. 


Admiralty Research and Development 
Establishments 

The Board of Admiralty has decided to 
implement a scheme of concentration of 
Naval Research and Development Estab- 
lishments. This concentration will be 
carried out in the two spheres of above- 
water weapons and underwater weapons 
only. In addition to the greatly increased 


efficiency gained by studying modern 
weapons and their complicated control 
systems together, running costs will be 
reduced by the amalgamation of estab- 
lishments and the use of common services. 

The Admiralty Gunnery Establishment, 
Portland, is to be moved to Portsdown, 
Hampshire. Its work on naval gunnery 
will be amalgamated there with the radar 
work done by the Admiralty Signal and 
Radar Establishment which will enable 
weapons and their control systems to be 
developed together. It is, however, in- 
tended to continue using the facilities of 
the Portland firing-range. 

Underwater Weapons Research and 
Development Establishments are to be 
concentrated at Portland in the existing 
Underwater Detection Establishment and 
in the buildings to be vacated by the 
Admiralty Gunnery Establishment. The 
establishments to be moved there are 
the Underwater Countermeasures and 
Weapons Establishment at Havant, 
Hampshire, and the Underwater Launch- 
ing Establishment at West Howe, Bourne- 
mouth. The moves will involve a certain 
amount of modification of existing build- 
ings and some new construction. For 
these reasons no accurate time-table can 
be given. It is expected, however, that the 
Admiralty Gunnery Establishment will be 
able to move to Portsdown towards the 
end of 1959. It should be possible to 
move most of the Underwater Counter- 
measures and Weapons Establishment 
into existing space at Portland within six 
to nine months. The move of Underwater 
Launching Establishment to Portland is 
not expected to take place before 1960. 


Desert Mishap 


Australian aborigines helped recently to 
track a team of scientists led by Dr 
Donald F. Thomson, an anthropologist 
from Melbourne University to a desolate 
spot in the desert near Lake Mackay, in 
Western Australia, where their vehicle was 
in difficulties. The scientists had spent two 
months in the remote area around Lake 
Mackay investigating the land of the 
Bindaboo people. The Bindaboo, or 
Pintubi, are a lost tribe of aborigines who 
lead a nomadic, Stone-Age existence, 
centred around secret waterholes and 
wells in this region of shimmering salt 
lakes and sunken valleys. 

Very little is known about this part of 
Australia. In 1870, the British explorer 
Colonel Peter Warburton made a journey 
in the area with camels. After crossing 
the dry bed of Lake Mackay, however, 
he was forced to turn back, and on the 
return journey he and his men had to eat 
their camels. Further reconnaissances 
were made in the 1930’s by air and by 
camel team, but little more information 
was gained of the Bindaboo tribe. 
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Conference on High Polymers 

A conference on high polymers will be 
held at Nottingham University from July 
21 to 24, 1958, under the auspices of 
the Macromolecular Commission of the 
International Union of Pure and Applied 
Chemistry. It is being organised by a 
British committee under the Chairman- 
ship of Dr H. W. Melville, F.R.S., Secre- 
tary of DSIR. It is intended that the 
Conference should provide a_ timely 
opportunity for a full exchange of views 
between all those working in this field, 
whether at Universities, Industrial, or 
Government research establishments. The 
official proceedings of the Conference will 
be conducted in English, but papers sub- 
mitted in French and German will be 
printed in these languages. Contributors 
to the discussion should preferably use 
English. No formal provision can be 
made for transiations into English. 
Further details are available from: DSIR, 
Charles House, Lower Regent Street, 
London, S.W.1. 


New Bunsen Burner for High Calorific 
Value Gases 


The greatly increased use, both in this 
country and abroad, of propane-butane, 
methane-natural gas, and sludge gas in 
laboratories where town gas supplies are 
not readily available, has prompted Amal 
Ltd to market an addition to their range 
of Bunsen burners, the new “3 Jet Maxi- 
mus” model. It gives a carpet of small 
blue cones over the surface of the burner 
head, the area of which is sufficient for 
the heat to be distributed evenly under 
large-diameter flasks. 

The new burner has been designed to 
permit the passage of the greater volume 
of primary air required with these high 
calorific value gases so as to give the same 
heat output as a smaller standard town 
gas burner; for example, the new burner 
liberates something over 3000 Kg. Cal. 
per hour at normal gas pressures. 

A finger-controlled needle valve in the 
gas supply line in combination with the 
grid burner head allows great flexibility 
in pressure control with good turn down 
and the use of the three precision jets 
also contributes to the “carpet” flame 
characteristic. Cooling fins are provided 
on the air tube stem which is mounted on 
a solid base fitted with a non-tip handle, 
for the purpose of dissipating the reflected 
heat. 


Shortage of Water in America 
The United States is heading into a short- 
age of drinking water and process water 
expected to double by 1975, according to 
a nation-wide survey conducted by 
Chemical and Engineering News. 

“The availability of water is shaping 
up as a limiting factor in the future 
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development of our civilisation,” say the 
American Chemical Society weekly. 

It is up to scientists and engineers to see 
that this shortage does not develop. It 
will take some ingenuity, but the outlook 
indicates it can be done, the magazine 
asserts. 

Three-fourths of the earth’s surface is 
covered with water, and enough fresh 
water falls out of the sky to take care of 
our needs many times over, yet chemists 
and chemical engineers are experimenting 
around the clock with solar evaporators, 
atomic stills and electric membranes to 
produce fresh water from the ocean or 
from brackish sources. The problem is to 
make fresh water available at the places 
where it is needed, and these complicated 
devices may prove capable of doing this 
at low cost in various situations. 


Errata: Due to a substitution in photo- 
graphs, the wrong caption was given for 
Fig. 4 in “The Analysis of Nuclear 
Particle Tracks by Digital Computers” in 
our issue for April, p. 151. The caption 
should read as follows: “Electronic 
scanner for nuclear emulsions. This 
instrument, in use at the University of 
Rome, uses a microscope with automatic 
stage motion, a photoelectric detector, 
and electronic circuits. It counts all tracks 
of given direction in a nuclear emulsion.” 


IGY: In the Table of Man-made 
Objects in Orbit which appeared in our 
issue for May 1958, two items were acci- 
dentally juxtaposed. Relating to Van- 
guard I, the “all-up weight” should have 
been 34 Ib., and the “payload” 34 Ib. 
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APPOINTMENTS VACANT 








ILGER & WATTS LIMITED, who 

manufacture scientific instruments, have 
vacancies at their Camberwell factory for a 
man with H.N.C. interested in electronics, 
and for a man with O.N.C. (Physics) inter- 
ested in optical testing and design. Write to 
gue Officer, 123 Camberwell Road, 

.E.5. 





UNIVERSITY COLLEGE OF SWANSEA 


APPLICATIONS are invited for the post 
of Technician in the Department of 
Botany. Salary on the scale £420 x £20- 
£480 Bar. £510 xX £20-£570. Applicants 
should be over 21 years of age, have had a 
sound general education and preferably 
some experience in laboratory organisation, 
in photography and/or micro-technique. 
Further particulars may be obtained from 
the Registrar, University College of Swansea, 
Singleton Park, Swansea, to whom applica- 
tions stating age, educational qualifications 
and details of training and experience, to- 
gether with the names of at least two referees, 
should be sent as soon as possible, and not 
later than June 14, 1958. 





NORTH STAFFORDSHIRE TECHNICAL 
COLLEGE, STOKE-ON TRENT 


Principal: H. W. WEBB, 
O.B.E., D.SC., F.R.LC., M.I.CHEM.E., F.1L-CERAM. 


PHYSICS DEPARTMENT 


APPLICATIONS are invited for the post 
of Assistant Lecturer Grade “B” to com- 
mense on September 1, 1958. Duties will 
include the teaching of Physics at all 
standards up to Higher National Certificate. 
Applicants should possess a good honours 
degree in Physics and be interested in the 
application of Physics in industry. Industrial 
and/or teaching experience would be an 
advantage. 

Salary scale £650 to £1025, with appro- 
priate allowances for degree and previous 
experience where applicable. 

Applications giving full details of training, 
experience, and particular fields of interest 
should be sent to the Principal immediately, 
together with the names of two referees. 


H. DIBDEN, 
Clerk to the Governors. 





BOOTS PURE DRUG CO LTD 
ANTIBIOTICS PRODUCTION 


THE Company is concerned with the manu- 
facture of a number of Antibiotics and 
their fermentation processes. 

A vacancy exists for a man to undertake 
an increasing range of control duties con- 
cerned with fermentation production. 

Applicants should have a good honours 
degree in Biology or Biochemistry. Experi- 
ence in Microbiology would be an advantage. 
Previous industrial experience is not essen- 
tial. Applicants should write, giving full 
details, to the Personnel Manager, Boots 
— Drug Co. Ltd, Station Street, Notting- 

am. 





LECTURES AND COURSES 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 
COLLEGE 


A THREE-YEAR COURSE, commencing 

each term, in Electrical Engineering to 
qualify for Associate of Faraday House and 
Graduate of the Institution of Electrical Engi- 
neers, followed by one Pg wd practical train- 
ing in Industry to quali i the Diploma of 
Faraday House. For Prospectus apply to 
Department “E”, Faraday House Electrical 
Engineering College, 66 Southampton Row, 
London, W.C.1. 





SOCIETIES 





THE BRITISH 
INTERPLANETARY SOCIETY 
12 Bessborough Gardens, 
London, S.W.1 


MEMBERSHIP and Fellowship is open to 
all interested in space-flight, rocket 
engineering and astronomy. 

Full particulars of membership, together 
with a free a of the Society’s Journal and 
programme of lectures in London and many 
provincial towns, will be sent on request. 








GRANTS 





THE ROYAL SOCIETY 
PAUL INSTRUMENT FUND 


HE Committee administering the Paul 

Instrument Fund invites applications for 
grants for the design, construction and main- 
tenance of novel, unusual or much-improved 
types of physical instruments and apparatus 
for investigations in pure or applied physical 
science, particularly in cases where a rela- 
tively large expenditure may be justified on 
experimental apparatus. Grants can be made, 
in this connexion, for or towards the pro- 
vision of equipment, building facilities or 
financial or other aid in such manner as the 
committee may determine in each case, 
Grants from the fund shall not be used to 
relieve expenditure in any establishment 
controlled by the Government or to relieve 
any university or other educational estab- 
lishment of their normal financial obligations, 
but grants to research workers in them can 
be and have been made for investigations 
which would not normally be regarded as an 
obligation of such establishments. 

When an application is favourably regarded 
by the committee, an assessor will be 
appointed to advise in detail on the merits of 
the application, the feasibility of producing 
the desired result by means of the proposed 
instrument or apparatus, the urgency of the 
need for it and the probable cost of the 
execution of the work, After a grant has 
been made the assessor will report to the 
committee not less than once every twelve 
months on the progress of the work. He may 
in his discretion recommend additional 
grants for running and maintenance costs and 
salaries for the time being of investigators 
and assistants engaged in a particular inves- 
tigation, provided that no research fellowship 
or research scholarship is thus created. An 
assessor is expected to act in the capacity of 
adviser, meeting the applicant or grantee and 
discussing his proposed work with him, and 
he should not be regarded as an inspector or 
examiner. 

The committee will decide the ultimate 
destination and ownership of all instruments 
and apparatus produced by means of grants 
from the fund. Any invention or improve- 
ment in existing inventions made by a grantee 
must be communicated forthwith to the com- 
mittee and no grantee may apply for or 
obtain patent rights for such invention with- 
out the previous sanction in writing of the 
committee. 

Examples of equipment constructed or 
being constructed using grants from the fund 
were given in an article in Nature [vol. 173, 
p. 283 (1954)] and include: a torque-operated 
wattmeter for the absolute measurement of 
microwave power; apparatus for studying 
material at high pressure; a photo-proton 
spectrometer for measuring the energy of 
gamma rays above 2:2 MeV; a meniscus 
Schmidt camera for use in photographing 
meteors; a diffraction grating ruling-engine 
with line spacing controlled by direct refer- 
ence to a light-wave interference pattern; an 
ultrasonic mictoscope. 

Applications may be submitted by any 
worker or group of workers in Great Britain. 
Applicants must be British subjects. Further 
particulars and application forms are obtain- 
able from the Assistant Secretary, the Royal 
Society, Burlington House, London, W.1. 
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NEWPORT 


SCIENTIFIC INSTRUMENTS MOBILE 





High Performance 


ELECTROMAGNETS 


Precision Built for basic research 

Type “A” 

Suitable for use in nuclear resonance and induction measure- 
ments, determination of magnetic susceptibility and microwave 
spectroscopy. 

Magnets available up to 35,000 gauss. Stabilised power-supply 
units available for all types. 

TEACHING MAGNET (Type “C”) 


Designed for instructional purposes, this electromagnet gives 
8000 gauss at 1 cm separation. Input 150V at 3 amps; 14” pole 
pieces. Also suitable for para-magnetic experiments. 





Type “A” air-cooled (to Clarendon Laboratory 


design), 27” long x 12” wide x 17” high, net ar on am 
= “weight 54 cut . Write for full specifications and performance curves. 


NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 
NEWPORT PAGNELL : BUCKS - ENGLAND 


TELEPHONE: NEWPORT PAGNELL 401/2 








POSTAL TUITION 


Wolsey Hall, Oxford (Est. 1894) 
prepares candidates by corre- 
3 * ra spondence for G.C.E. (Ord. and 


Adv. Levels) of all Examining 
Boards; for London University 
B.Sc., certain subjects at M.Sc. 





Maths.; B.A., B.Sc.Econ. and 


LL.B. Also for Acc ancy, 
Statistical, and other examin: CAREERS IN PHYSICS & CHEMISTRY 


ations. 
Prospectus Chemists and Physicists are normally recruited to the Company's Staff 
® a from C. D. Parker, M.A., LL.D., direct from the University. However, in a limited number of cases the 
ne foc Company is willing to help those not going to a University but who have 
Director of Studies, Dept. WM9, a good *‘G.C.E."’ to become qualified Physicists or Chemists by means 
of Apprenticeship 
WOLSEY HALL, OXFORD 


Apprenticeships in Applied Physics are designed to give practical 
training in development work concerned with electronic valves, such as 
ignitrons, thyratrons, and magnetrons; with insulations; with lamp 
research; with semi-conductors: and with many entirely new materials. 

















Apprenticeships in Chemistry offer training and experience in the 


analy of a wide variety of ferrous, non-ferrous, and organic materials. 
**BOOKS & CAREERS ” rehresntbignd Fad aie 


The parallel academic training which is an integral part of the course 
; a Ub: e normally leads to the Higher National Certificate in Applied Physics or 
ANNOUNCE their CHANGE OF NAME to Chemistry A few suitably qualified Students in Applied Physics 
(Advanced level G.C.E.) may follow a Sandwich Course operated in 
conjunction with the Northampton Polytechnic (London) in order to 
satisfy the academic requirements of the Institute of Physics. 

Visits to the Laboratories where most of the practical training is given 
are welcome—by prior appointment. 

Similar training schemes are available in Engineering. 





CLAUDE (j] | | Books 


We carry a stock of over 21,000 current and standard Prospective cand'<ates for entry in September, 1958, should apply for 
books, British and American, on all branches of Science full particulars mentioning this publication to: 
and Technology. We take subscriptions for any British THE MANAGER, EDUCATION DEPARTMENT (D). 


or foreign journal, offer a speedy postal service, and 
quickly obtain any book if pot in stock. For a complete 
and efficient book service write, call, or phone Claude THE BRITISH THOMSON-HOUSTON co. LTD. 


GILL Books. 
485, Oxford Street, London, W.1. ; : RUGBY sil 
GRO 5664 (5 lines) 1 min, Marble Arch An A.E.1. Company. AS24 























When the incessant buzz of flies gets too much, people react 
in different ways. Some, with mounting irritation, grab a swatter . . . raise the dust and 


their blood pressures. Others play the waiting game with sticky fly-paper. But 


Putting on 
the pressure 


A liquid propellent, in which the insecticide is dispersed, expands into a gas which 


nowadays, more and more people merely lift a finger, press, and — 
phhtt — their fly menace disappears in a cloud of insecticide. 
They are the ones who use time-and-energy-saving aerosols. 


When the button is pressed, what happens ? 


ejects the insecticide as a fine spray. Because I.C.I.’s ‘Arcton’ propellents are safe, 


stable and odourless, they are ideal for aerosols containing anything 
from cosmetics to paints, shaving cream to suntan lotion — 


ready at the finger tips for immediate use. 


Thus, and in a thousand kindred ways, I.C.1.’s research 


and production are serving the Nation. 





